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CRYSTALLINE POLYMORPHC FORM OF 
GLUCOKNASE ACTIVATOR 

This application claims the benefit under 35 U.S.C. S 119 
(a-d) of Application No. 0902406.8 (GB) filed on 13 Feb. 
2009. 
The present invention relates to a novel crystalline form of 

3-5-(azetidin-1-ylcarbonyl)pyrazin-2-yl)oxy-5-(1S)-1- 
methyl-2-(methyloxy)ethylloxy-N-(5-methylpyrazin-2-yl) 
benzamide (“the compound) illustrated in Formula (I) here 
inafter, which compound is an activator of glucokinase (GLK 
or GK) and is useful as a pharmaceutical compound, for 
example in the treatment of diabetes and/or obesity. The 
invention also relates to processes for the manufacture of the 
crystalline form, pharmaceutical compositions comprising 
the crystalline form and the use of the crystalline form in 
medical treatment. 

(I) 
N 

O? 
ro's s H 

N O 
n 

AC N 

O 

Our International Patent Application WO 2007/007041 
discloses three crystalline forms of the compound. The first, 
Form 1 was crystallised from tert-butylmethyl ether and was 
found to have a melting onset point of 110.3°C. The second, 
Form 2, was made from a slurry of Form 1 in methanol and 
water, and had a melting onset point of 110.2°C. It can also be 
formed by crystallisation from ethyl acetate and methyl 
isobutyl ketone at room temperature. These two forms, 
although with similar melting point data, were found to have 
different X-Ray Powder Diffraction patterns. A third crystal 
form, Form3, a dihydrate was also disclosed as the product of 
crystallisation by stirring a slurry of the compound in water. 
This form appears to be the most stable in the presence of 
water. XRPD patterns for all these three forms can be seen in 
FIGS. 2-4 respectively. 

Subsequently, fourth and fifth crystal forms were found. 
Form 4 has been observed from several slurry experiments in 
ethyl acetate, methyl ethyl ketone and ethanol at 4° C. and 
methyl ethyl ketone and ethanol at room temperature (RT), 
and from crystallisation in methyl ethyl ketone at RT. 

Form 5 is the form obtained when the dihydrate Form 3 is 
dehydrated. Re-hydration of Form 5 results in Form 3. 
We have now surprisingly and unexpectedly discovered 

that the compound can be prepared in another, more stable 
crystalline form from isopropyl alcohol (IPA). This form is 
referred to herein as “Form 6' of the compound (of formula 
(I)). 

According to the present invention there is provided crys 
talline Form 6 of the compound. 

In another aspect of the invention, there is provided a 
crystalline form of the compound, Form 6, having an X-ray 
powder diffraction pattern with peaks at d-value (A) 11.8 and 
5.7. 
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In another aspect of the invention, there is provided a 

crystalline form of the compound, Form 6., having an X-ray 
powder diffraction pattern with peaks at d-value (A) 11.8, 
10.5, 6.4, 5.9 and 5.7. 

In another aspect of the invention, there is provided a 
crystalline form of the compound, Form 6., having an X-ray 
powder diffraction pattern with peaks at d-value (A) 11.8, 
10.5, 6.4, 5.9, 5.7 and 3.75. 

In another aspect of the invention, there is provided a 
crystalline form of the compound, Form 6., having an X-ray 
powder diffraction pattern with peaks at d-value (A) 11.8, 
10.5, 8.2, 6.4, 5.9, 5.7, 5.2, 3.75 and 3.44. 
According to the present invention there is provided a 

crystalline form of the compound, Form 6., having an X-ray 
powder diffraction pattern with peaks at 2-theta angle 
(20)=7.5 and 15.5°. 

In another aspect of the invention, there is provided a 
crystalline form of the compound, Form 6., having an X-ray 
powder diffraction pattern with peaks at 2-theta angle 
(20)=7.5, 8.4, 13.9, 15.0 and 15.5°. 

In another aspect of the invention, there is provided a 
crystalline form of the compound, Form 6., having an X-ray 
powder diffraction pattern with peaks at 2-theta angle 
(20)=7.5, 8.4, 13.9, 15.0, 15.5 and 23.7°. 

In another aspect of the invention, there is provided a 
crystalline form of the compound, Form 6., having an X-ray 
powder diffraction pattern with peaks at 2-theta angle 
(20)=7.5, 8.4, 10.8, 13.9, 15.0, 15.5, 16.9, 23.7 and 25.9°. 

In a further aspect of the invention, there is provided a 
crystalline form of the compound, Form 6., having an X-ray 
powder diffraction pattern substantially as shown in FIG. 1. 
Form 6 obtained according to the present invention is Sub 

stantially free from other crystal and non-crystal forms of the 
compound. The term “substantially free from other crystal 
and non-crystal forms' shall be understood to mean that the 
desired crystal form contains less than 50%, preferably less 
than 20%, more preferably less than 10%, more preferably 
less than 5% of any other forms of the compound. 
The X-ray powder diffraction (referred to herein as XRPD 

or XRD) pattern was determined by mounting a sample on a 
Zero background holder, single silicon crystal, and spreading 
out the sample into a thin layer. Using a Bruker D8 Advance 
theta-2 theta diffractometer with a VANTEC-1 detector, the 
sample was spun (to improve counting statistics) and irradi 
ated with X-rays generated by a coppertube operated at 30kV 
and 50 mA. Automatic variable divergence slits were used. 
The X-ray powder diffraction (XRPD) patterns in this were 

obtained in Bragg-Brentano geometry. 
The X-ray diffraction analysis was performed according to 

standard methods, which can be found in e.g. Kitaigorodsky, 
A. I. (1973), Molecular Crystals and Molecules, Academic 
Press, New York; Bunn, C. W. (1948), Chemical Crystallog 
raphy, Clarendon Press, London; or Klug, H. P. & Alexander, 
L. E. (1974), X-ray Diffraction Procedures, John Wiley & 
Sons, New York. X-ray powder diffraction data were cor 
rected by using corundum as an internal reference and mea 
sured with variable slits. 
The X-ray powder diffraction pattern of a typical sample of 

Form 6 is shown in FIG. 1 hereinafter. 
It will be understood that the 2-theta values of the X-ray 

powder diffraction pattern may vary slightly from one 
machine to another and also depending on variations in 
sample preparation and batch to batch variation, and so the 
values quoted are not to be construed as absolute. It will also 
be understood that the relative intensities of peaks may vary 
depending on orientation effects so that the intensities shown 
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in the XRD trace included herein are illustrative and not 
intended to be used for absolute comparison. 

Form 6 may also be characterised by other analytical tech 
niques known in the art such as by Differential Scanning 
Calorimetry (DSC), which gave a melting point of Form 6 of 
111o C. 
Forms 1 to 6 may also be analysed by Raman Spectroscopy. 

Raman Spectra for each polymorph are shown in FIGS. 7 to 
12. The wavelength shifts of specific peaks between the dif 
ferent forms are small hence account must be taken of the 
interrelationship of several peaks and the overall spectral 
signal to distinguish between the forms. Raman spectra were 
measured using a Perkin-Elmer Spectrum GX Near-IR FT 
Raman spectrometer according to standard procedures. The 
laser power was set to 500 mW and the resolution to 4 cm. 
The accuracy of the wavelength calibration was +1 cm. 
Substance was filled in NMR tubes and placed in a sample 
holder rotating the tube during measurement to avoid sample 
heating. The spectra were not corrected for instrumental 
response. 
Form 6 may be made by slurrying a mixture of forms 1 and 

4. Such as approximately a 1:1 mixture, in iso-propyl alcohol 
(IPA) at elevated temperatures over a prolonged period. Suit 
ably, the slurry is maintained at 35-50° C. for 8-15 days. It will 
be appreciated that at higher temperatures, less time is 
required to achieve conversion into Form 6; thus Form 6 may 
be obtainable at less than 35° C. after a more extended period. 
Suitably the concentration of the slurry is approximately 30 
mg of the compound as a mixture of Forms 1 and 4, in 50-300 
ul of IPA. 
Form 6 may also be made from a solution of the compound 

of formula (I) in a number of solvents by seeding with a small 
amount of Form 6. Suitably, the solution is made from Form 
1 of the compound of formula (I) dissolved in, for example, 
butyronitrile, 2-methyltetrahydrofuran optionally mixed with 
heptane, n-butyl acetate, acetonitrile, methylisobutylketone 
optionally mixed with heptane, ethyl acetate or isopropanol. 
In particular, butyronitrile and methylisobutylketone option 
ally mixed with heptane are suitable. Alternatively ethyl 
acetate or isopropanol may be used as the solvent. Seeding is 
generally carried out at elevated temperatures, for example 
45° C., though it will be appreciated that the precise tempera 
ture may be dependent on the physical properties of the Sol 
vent used. It will be appreciated that it may be possible to 
obtain Form 6 by a similar seeding process to that above from 
solutions of other Forms than Form 1. 

For example, Form 6 may be obtained by seeding a solution 
of the compound in butyronitrile at 45° C., holding at this 
temperature for example for 3 hours, cooling slowly to 15° C. 
and then maintaining the mixture at this temperature for a 
prolonged period such as at least 24 hours. Further details of 
Suitable conditions may be found in the accompanying 
examples. 

Alternatively, Form 6 may be obtained by seeding a solu 
tion of the compound in methyl isobutyl ketone at 45° C. 
holding at this temperature for 6 hours, then reducing the 
temperature Stepwise, holding the mixture at each of the 
following temperatures for 6 hours: 40°C., 35°C.,30°C., 20° 
C.; then reducing the temperature to 10° C. for 3 hours and 
optionally adding n-heptane at this temperature. Alterna 
tively, Form 6 may be obtained by seeding a solution of the 
compound in methyl isobutyl ketone at 45°C., holding at this 
temperature for 6 hours, then reducing the temperature step 
wise, 40° C. 6 hrs, 30° C. 6 hrs then 0° C. Further details of 
Suitable conditions may be found in the accompanying 
examples. 
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4 
Therefore in another aspect of the invention, there is pro 

vided a process for making Form 6 of 3-5-(azetidin-1- 
ylcarbonyl)pyrazin-2-yl)oxy-5-(1S)-1-methyl-2-(methy 
loxy)ethyloxy-N-(5-methylpyrazin-2-yl)benzamide, 
comprising: 

a) suspending a mixture of Form 1 and 4 of 3-5-(aZetidin 
1-ylcarbonyl)pyrazin-2-yl)oxy-5-(1S)-1-methyl-2-(me 
thyloxy)ethyloxy-N-(5-methylpyrazin-2-yl)benzamide in 
IPA at 35-50° C. for a prolonged period (for example 8-15 
days); or 

b) forming a suspension of Form 1 in IPA at 35° C., then 
seeding with a small amount of Form 6 after 1 hour and 
leaving the mixture for a prolonged period (such as 2 days); or 

c) forming a solution of Form 1 in butyronitrile at 45° C. 
then seeding with a small amount of Form 6, after at least 3 
hours cooling slowly to 15° C. and leaving the mixture for a 
prolonged period at this temperature (such as 24 h); or 

d) forming a solution of Form 1 in butyronitrile at 45° C. 
then seeding with a small amount of Form 6, after at least 6 
hours cooling stepwise in 5, 5, 5, 10 and 10° steps to 10° C. 
holding the mixture for several hours at each step, then 
optionally adding heptane at 10° C. and holding the mixture 
for a further period. 

Alternatively solutions are formed in either ethyl acetate or 
isopropanol followed by seeding and cooling, optionally 
stepped cooling. 
The utility of the compound of the invention may be dem 

onstrated by standard tests and clinical studies, including 
those described in WO 2007/007041. 

According to a further feature of the invention is a method 
of treating a disease condition wherein activation of glucoki 
nase is beneficial which comprises administering to a warm 
blooded mammal an effective amount of Form 6 of the com 
pound. The invention also relates to the use of Form 6 in the 
manufacture of a medicament for use in a disease condition. 
Suitable disease conditions include diabetes and/or obesity. 

In a further aspect of the invention there is provided a 
compound of formula (I) in Form 6 as hereinbefore defined, 
for use as a medicament. In a further aspect of the invention 
there is provided a compound of formula (I) in Form 6 as 
hereinbefore defined, for use as a medicament for the treat 
ment of a disease mediated through glucokinase, in particular 
type II diabetes and/or obesity. 
The compound of the invention may be administered to a 

warm-blooded animal, particularly a human, in need thereof 
for treatment of a disease in which glucokinase is implicated, 
in the form of a conventional pharmaceutical composition. 
Therefore in another aspect of the invention, there is provided 
a pharmaceutical composition comprising Form 6 in admix 
ture with a pharmaceutically acceptable diluent or carrier. 

Such compositions may be administered in standard man 
ner for the disease condition that it is desired to treat, for 
example by oral, topical, parenteral, buccal, nasal, vaginal or 
rectal administration or by inhalation. For these purposes the 
compound may beformulated by means known in the art into 
the form of, for example, tablets, capsules, aqueous or oily 
Solutions, Suspensions, emulsions, creams, ointments, gels, 
nasal sprays, Suppositories, finely divided powders or aero 
sols for inhalation, and for parenteral use (including intrave 
nous, intramuscular or infusion) sterile aqueous or oily solu 
tion or Suspensions or sterile emulsions. In the above 
examples of formulations, for those wherein polymorphic 
form may be retained (ie non-solution formulations), then the 
invention comprises those formulations wherein Form 6 is 
substantially retained within the formulation, and wherein 
there is not substantial (such as >50%) conversion in poly 
morphic form. A preferred route of administration is oral. The 
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compound will be administered to humans at a daily dose in, 
for example, the ranges set outin WO 2007/007041. The daily 
doses may be given in divided doses as necessary, the precise 
amount of the compound received and the route of adminis 
tration depending on the weight, age and sex of the patient 
being treated and on the particular disease condition being 
treated according to principles known in the art. 

Suitable pharmaceutically acceptable excipients for a tab 
let formulation include, for example, one or more inert dilu 
ents (which may also be termed “fillers') such as lactose, 
Sucrose, glucose, mannitol, Sorbitol, microcrystalline cellu 
lose, silicified microcrystalline cellulose, Sodium carbonate, 
monobasic calcium phosphate, dibasic calcium phosphate 
(including dibasic calcium phosphate dihydrate and dibasic 
calcium phosphate anhydrate), tribasic calcium phosphate, 
calcium carbonate and the like; 

one or more disintegrants such as starch (Such as potato, 
maize or corn), sodium starch glycolate, Sodium carboxym 
ethylcellulose (NaCMC), low substituted hydroxypropyl cel 
lulose (L-HPC), crosslinked polyvinyl pyrrolidone, algenic 
acid and the like; 

one or more binders such as starch (Such as potato, maize or 
corn), polyvinyl pyrrolidone, microcrystalline cellulose, a 
polyethylene glycol (PEG), a polyethylene oxide (PEO), a 
hydroxypropylmethyl cellulose (HPMC) of a low molecular 
weight, a methyl cellulose (MC) of a low molecular weight, a 
hydroxypropyl cellulose (HPC) of a low molecular weight, a 
hydroxyethyl cellulose (HEC) of a low molecular weight, a 
sodium carboxymethyl cellulose of a low molecular weight 
and the like; 

one or more lubricants such as magnesium stearate, stearic 
acid, calcium Stearate, Stearyl alcohol, Sodium Stearyl fuma 
rate; 

a glidant Such as talc or a colloidal silica; 
a surfactant such as, for example sodium lauryl Sulphate; 
a colourant, a flavouring, a preservative; 
and anti-oxidants. 
Tablet formulations may be uncoated or coated using con 

ventional coating agents and procedures well known in the 
art. It will be appreciated that some of the above mentioned 
excipients which may be present in a final oral (for example 
tablet) composition of the invention may have more than one 
of the above stated functions. Tablet formulations comprising 
Form 6 may, for example, be manufactured with the following 
strengths: 1 mg, 2.5 mg, 5 mg, 10 mg. 20 mg, 25 mg. 45 mg. 
50 mg, 75 mg, 100 mg, 150 mg, 200 mg, 250 mg and 500 mg. 

In one aspect of the invention there is provided a tablet 
formulation (wherein 96=% by weight of total tablet weight) 
comprising: 
Form 6: 1 to 30%, such as 10 to 25%, for example 12.5%; 
Filler: 50 to 95%, such as 45-90% of mannitol plus 2 to 20% 
microcrystalline cellulose, for example 75% mannitol plus 
4% microcrystalline cellulose; 
Disintegrant:3 to 15%, such as 3 to 10%, for example 5% low 
substituted hydroxypropyl cellulose; 
Lubricant: 1 to 5% such as 1 to 3%, for example 2.3% mag 
nesium Stearate; 
surfactant: 0.1 to 3%, such as 0.75 to 1.25%, for example 1% 
Sodium lauryl Sulphate. 

In one aspect of the invention there is provided a tablet 
formulation (wherein 96=% by weight of total tablet weight) 
comprising: 
Form 6: 1 to 30%, such as 12 to 18%, for example 15%; 
Filler: 70 to 92%, such as 50-90% of mannitol plus 2 to 20% 
microcrystalline cellulose, for example 73.4% mannitol plus 
3.86% microcrystalline cellulose; 
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6 
Disintegrant: 3 to 10%, such as 3 to 7%, for example 5% 
Sodium starch glycolate; 
Lubricant: 1 to 5% such as 1 to 2%, for example 1.75% 
magnesium Stearate; 
surfactant: 0.1 to 3%, such as 0.75 to 1.25%, for example 1% 
Sodium lauryl Sulphate. 

In one aspect of the invention there is provided a tablet 
formulation (wherein 96=% by weight of total tablet weight of 
uncoated tablets) comprising: 
Form 6: 1 to 30%, such as 10-25%, for example 20%: 
Filler: 50 to 95%, such as 45-90% of mannitol plus 2 to 20% 
microcrystalline cellulose, for example 67.9% mannitol plus 
3.6% microcrystalline cellulose; 
Disintegrant: 3 to 10%, such as 3 to 8%, for example 5% 
Sodium starch glycolate; 
Lubricant: 1 to 5% such as 1 to 3%, for example 2.5% mag 
nesium Stearate; 
surfactant: 0.1 to 3%, such as 0.75 to 1.25%, for example 1% 
Sodium lauryl Sulphate. 

In one aspect of the invention there is provided a tablet 
formulation (wherein 96=% by weight of total tablet weight of 
uncoated tablets) comprising: 
Form 6: 1 to 30%, such as 10-25%, for example 20%: 
Filler: 50 to 95%, such as 45 to 90% of mannitol plus 2 to 20% 
microcrystalline cellulose, for example 68% mannitol plus 
3.6% microcrystalline cellulose; 
Disintegrant: 3 to 10%, such as 3 to 8%, for example 5% 
sodium carboxymethyl cellulose; 
Lubricant: 1 to 5% such as 1 to 3%, for example 2.5% mag 
nesium Stearate; 
surfactant: 0.1 to 3%, such as 0.75 to 1.25%, for example 1% 
sodium lauryl sulphate. 

In one aspect of the invention there is provided a tablet 
formulation (wherein 96=% by weight of total tablet weight of 
uncoated tablets) comprising: 
Form 6: 1 to 30%, such as 10-25%, for example 20%: 
Filler: 50 to 95%, such as 45 to 90% of mannitol plus 2 to 20% 
microcrystalline cellulose, for example 65% mannitol plus 
3.4% microcrystalline cellulose; 
Disintegrant: 3 to 15%, such as 3 to 10%, for example 8% low 
substituted hydroxypropyl cellulose; 
Lubricant: 1 to 5% such as 1 to 3%, for example 2.5% mag 
nesium Stearate; 
surfactant: 0.1 to 3%, such as 0.75 to 1.25%, for example 1% 
Sodium lauryl Sulphate. 

In one aspect of the invention there is provided a tablet 
formulation comprising Form 6, mannitol, microcrystalline 
cellulose, Sodium starch glycolate, magnesium Stearate and 
Sodium lauryl Sulfate. 

In one aspect of the invention there is provided a tablet 
formulation comprising Form 6, mannitol, microcrystalline 
cellulose, Sodium carboxymethyl cellulose, magnesium 
Stearate and sodium lauryl Sulfate. 

In one aspect of the invention there is provided a tablet 
formulation comprising Form 6, mannitol, microcrystalline 
cellulose, low Substituted hydroxypropyl cellulose, magne 
sium Stearate and sodium lauryl Sulfate. 

Tablets may be made by conventional means, including 
direct compression of the powder blend and compaction of 
granules obtained by wet granulation in a convective mixer or 
in a fluidised bed equipment or by dry granulation, Such as, 
for example, roller compaction. A dry process, such as dry 
granulation, is likely to minimise any possible interchange of 
polymorphic form during the formulation process. 

Compositions for oral use may further be in the form of 
capsules in which the active ingredient is mixed with one or 
more inert diluent(s), as previously described. 
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According to a further feature of the invention, there is 
provided a process for the manufacture of a pharmaceutical 
composition containing Form 6 as active ingredient, which 
comprises admixing Form 6 together with a pharmaceutically 
acceptable carrier. 

In one aspect of the invention there is provided a process 
for the manufacture of a pharmaceutical composition con 
taining Form 6 as active ingredient, which comprises; 
a first blending step, in which Form 6 is mixed with one or 
more filler(s), disintegrant(s) and Surfactant(s) in a diffusion 
mixer, 
a second blending step, in which a lubricant is added to the 
powder blend and the material is mixed in a diffusion mixer, 
dry granulation of the material by roller compaction, 
final mixing, in which the granules are mixed with a lubricant 
in a diffusion mixer and tabletting by compaction of the 
granules. 

In one aspect of the invention there is provided a process 
for the manufacture of a is pharmaceutical composition con 
taining Form 6 as active ingredient, which comprises; 
admixing Form 6 with one or more filler(s) and 
disintegrant(s) in a high-shear mixer, wet granulation of the 
powder blend in a high-shear mixer, 
drying of the wet mass, 
milling of the granules, 
final mixing, in which the granules are mixed with a lubricant 
in a diffusion mixer, and tabletting by compaction of the 
granules. 

In one aspect of the invention there is provided a process 
for the manufacture of a pharmaceutical composition con 
taining Form 6 as active ingredient, which comprises; 
wet milling of Form 6 in water with a binder, such as, for 
example HPMC, to produce a suspension of Form 6 in water 
having a size distribution that makes it Suitable for spray 
layering onto cores, such as, for example, microcrystalline 
cellulose cores, 
spray layering of a Suspension of Form 6 in water onto cores, 
Such as, for example, microcrystalline cellulose cores, in a 
fluidised bed equipment to produce immediate release pel 
lets, 
mixing the pellets with one or more filler(s) and 
disintegrant(s) in a diffusion mixer to produce a pellet/pow 
der blend, 
adding a lubricant to the pellet/powder blend and mixing in a 
diffusion mixer, and tabletting by compaction of the pellet/ 
powder blend in a tablet press. 

In one aspect of the invention there is provided a tablet 
formulation comprising Form 6, mannitol, microcrystalline 
cellulose, sodium starch glycolate, magnesium Stearate and 
Sodium lauryl Sulfate. 

According to a further feature of the invention, there is 
provided a process for the manufacture of a pharmaceutical 
composition containing Form 6 as active ingredient, which 
comprises admixing Form 6 together with a pharmaceutically 
acceptable carrier. 

Form 6 as described herein may be applied as a sole therapy 
or in combination with one or more other Substances and/or 
treatments for the indication being treated. In another aspect 
the invention provides a pharmaceutical combination com 
prising Form 6 of a compound of Formula (I) and another 
pharmacologically active Substance particularly wherein the 
other pharmacologically active Substance is a medicament for 
the treatment of type 2 diabetes or obesity or a related condi 
tion. 

Such conjoint treatment may be achieved by way of the 
simultaneous, sequential or separate administration of the 
individual components of the treatment. Simultaneous treat 
ment may be in a single tablet or in separate tablets. For 
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8 
example in the treatment of diabetes mellitus, chemotherapy 
may include the following main categories of treatment: 

1) Insulin and insulin analogues; 
2) Insulin secretagogues including prandial glucose regu 

lators (for example repaglinide, nateglinide); 
3) Agents that improve incretin action (for example dipep 

tidyl peptidase IV inhibitors, and GLP-1 agonists): 
4) Insulin sensitising agents including PPARgamma ago 

nists (for example pioglitaZone and rosiglitaZone), and agents 
with combined PPARalpha and gamma activity; 

5) Agents that modulate hepatic glucose balance (for 
example metformin, fructose 1.6 bisphosphatase inhibi 
tors, glycogen phopsphorylase inhibitors, glycogen Syn 
thase kinase inhibitors); 

6) Agents designed to reduce the absorption of glucose 
from the intestine (for example acarbose); 

7) Agents that prevent the reabsorption of glucose by the 
kidney (SGLT inhibitors); 

8) Agents designed to treat the complications of prolonged 
hyperglycaemia (for example aldose reductase inhibi 
tors); 

9) Anti-obesity agents (for example sibutramine and orl 
istat); 

10) Anti-dyslipidaemia agents such as, HMG-CoA reduc 
tase inhibitors (eg statins); PPARC. agonists (fibrates, eg 
gemfibrozil); bile acid sequestrants (cholestyramine); 
cholesterol absorption inhibitors (plant stanols, Syn 
thetic inhibitors); bile acid absorption inhibitors (IBATi) 
and nicotinic acid and analogues (niacin and slow 
release formulations); 

11) Antihypertensive agents such as, B blockers (eg 
atenolol, inderal); ACE inhibitors (eg lisinopril); Cal 
cium antagonists (e.g. nifedipine); Angiotensin receptor 
antagonists (eg candesartan), a antagonists and diuretic 
agents (e.g. furosemide, benzthiazide); 

12) Haemostasis modulators such as, antithrombotics, 
activators of fibrinolysis and antiplatelet agents; throm 
bin antagonists; factor Xa inhibitors; factor VIIa inhibi 
tors); antiplatelet agents (e.g. aspirin, clopidogrel); anti 
coagulants (heparin and Low molecular weight 
analogues, hirudin) and warfarin; 

13) Agents which antagonise the actions of glucagon; and 
14) Anti-inflammatory agents, such as non-steroidal anti 

inflammatory drugs (e.g. aspirin) and steroidal anti-in 
flammatory agents (e.g. cortisone). 

In one aspect of the invention, there is provided a combi 
nation of Form 6 of Compound (I) with metformin. 

In a further aspect of the invention there is provided a 
combination of Form 6 of Compound (I) with insulin. 
The invention will now be particularly described by way of 

the following examples in which the following abbreviations 
may be used: 
Vols Volume equivalents 
eq equivalents 
w/w weight for weight 
Viv Volume for volume 
DMSO dimethylsulfoxide 
Ts tosylate (p-methylbenzenesulfonate) 
TLC thin layer chromatography 
NMR nuclear magnetic resonance spectroscopy 
MTBE methyl tert-butyl ether 
In the following non-limiting Examples, unless otherwise 
stated: 

(i) operations were carried out at room temperature, that is 
in the range 18-25°C. and under an atmosphere of an inert gas 
Such as argon or nitrogen; 
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(ii) yields are given for illustration only and are not neces 
sarily the maximum attainable; 

(iii) the structures of the end-products of the Formula (I) 
were confirmed by nuclear (generally proton) magnetic reso 
nance (NMR) and mass spectral techniques; proton magnetic 
resonance chemical shift values were measured on the delta 
scale and peak multiplicities are shown as follows: S, singlet; 
d, doublet, t, triplet; m, multiplet; br, broad; q, quartet, quin, 
quintet; sextet 

(iv) purity of intermediates was assessed by NMR analysis: 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows the X-ray powder diffraction pattern for 
Form 6. 

FIG. 2 shows 
Form 1. 

FIG. 3 shows 
Form 2. 

FIG. 4 shows 
Form 3. 

FIG. 5 shows 
Form 4. 

FIG. 6 shows 
Form 5. 

FIG. 7 shows the Raman spectrum for Form 1. 
FIG. 8 shows the Raman spectrum for Form 2. 
FIG. 9 shows the Raman spectrum for Form 3. 
FIG. 10 shows the Raman spectrum for Form 4. 
FIG. 11 shows the Raman spectrum for Form 5. 
FIG. 12 shows the Raman spectrum for Form 6. 

the X-ray powder diffraction pattern for 

the X-ray powder diffraction pattern for 

the X-ray powder diffraction pattern for 

the X-ray powder diffraction pattern for 

the X-ray powder diffraction pattern for 

EXAMPLE1 

Preparation of 3-5-(azetidin-1-ylcarbonyl)pyrazin 
2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxy-N- 

(5-methylpyrazin-2-yl)benzamide 

O 

AC 
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10 
To a flask was added 3-5-(azetidin-1-ylcarbonyl) 

pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxyben 
Zoic acid (1.0 eq), 5-methylpyrazin-2-amine (1.0 eq) and 
2-methyltetrahydrofuran (3.5 vols) under a nitrogen atmo 
sphere. The mixture was cooled to 0°C. N-methylmorpholine 
(5.0 eq) was added at 0°C., then 2,4,6-tripropyl-1,3,5,2,4,6- 
trioxatriphosphinane 2,4,6-trioxide (supplied as 50% w/w in 
ethyl acetate) (2.5 eq) was added in one portion via addition 
funnel over 45 minutes maintaining the reaction temperature 
at 0-5°C. The addition funnel was washed with 2-methyltet 
rahydrofuran (0.5 vols), then the reaction mixture was boiled 
under reflux under nitrogen for at least 14 hours, before being 
cooled to 22° C. Water (4.0 vols) was added to the reaction 
mixture in one portion, followed by 2-methyltetrahydrofuran 
(4.0 vols). After agitating for 30 minutes, the layers were 
separated. The upper organic layer was retained and the aque 
ous layer returned to the flask. 2-Methyltetrahydrofuran (4.0 
vols) was added to the flask, the mixture was agitated for 30 
minutes, then the layers were separated. The organic layers 
were combined in the flask and further 2-methyltetrahydro 
furan (6.0 vols) was then added. The mixture was agitated, 
and 1.ON hydrochloric acid (4.0 vols) was then added. The 
mixture was agitated for at least 30 minutes at 22+5°C., and 
the layers were then separated. 1.0N Hydrochloric acid (4.0 
Vols) was added to the organic layer. The mixture was agitated 
for at least 30 minutes at 22+5°C. the mixture was separated 
5% w/w Sodium hydrogen carbonate (4.0 vols) solution was 
added the organic layer. The mixture was agitated for at least 
30 minutes at 22+5°C. then the mixture was separated. This 
process was repeated. Water (4.0 vols) was added to the 
organic layer, the mixture was agitated for at least 30 minutes 
at 22+5°C. then the layers were separated. The organic layer 
was distilled under vacuum at 35° C. collecting 19 Vols of 
distillates. 2-Methyltetrahydrofuran (4 vols) was added, and 
the distillation was continued under vacuum at 35°C. collect 
ing 6 vols distillates. Further 2-methyltetrahydrofuran (4 
vols) was added and the reaction mixture sampled for water 
content. Further 2-methyltetrahydrofuran (4 vols) was added, 
and the reaction mixture was filtered through a CUNOTM filter 
then distilled until the pot volume was approximately 7 vols, 
then methyl iso-butylketone (11 vols) was added and the 
mixture vacuum distilled at 35° C. to a pot volume of approxi 
mately 7 vols. Methyl iso-butylketone (11 vols) was added 
and the mixture vacuum distilled at 35° C. to a pot volume of 
approximately 6 vols. N-Heptane (0.5 vols) was added to the 
mixture, and the temperature adjusted to 60°C., the mixture 
was cooled to 46° C., seeded, then cooled to 22° C. and 
agitated for at least 12 hours. The mixture was filtered. The 
solid was washed with a mixture of methyl iso-butylketone 
(1.5 vols)/heptane (0.16 vols). The solid was washed with 
heptane (~1.5 vols). The isolated solid was dried at 22°C. 
under vacuum to afford the title compound as an off white 
solid. Corrected yield was 62%. "H NMR 8 (400 MHz 
DMSO) 11.04 (s, 1H), 9.26 (s, 1H), 8.68 (s, 1H), 8.57 (s, 1H), 
8.36 (s, 1H), 7.57 (bs, 1H), 7.47 (bs, 1H), 7.13 (bs, 1H), 
4.81-4.77 (m. 1H), 4.58-4.54 (t, 2H), 4.11-4.07 (t, 2H), 3.55 
3.47 (m, 2H), 3.3 (s, 3H), 2.48 (s, 3H), 2.34-2.26 (m, 2H), 
1.26-1.25 (d. 3H) 
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Preparation of 3-5-(azetidin-1-ylcarbonyl)pyrazin 
2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxyben 

Zoic acid 

OMe 

NaOH 

AC 
To a flask was added methyl 3-5-(azetidin-1-ylcarbonyl) 

pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxyben 
Zoate (1.0 eq) and N-methylpyrrolidinone (7.6 vols). The 
contents of the flask were cooled to 10° C. Water (3.9 vols) 
was added, and the mixture then cooled to approximately 
-15° C. Sodium hydroxide (1.5 eq) was dissolved in water 
(2.3 vols), and the sodium hydroxide solution added slowly to 
the flask over one hour, maintaining the reaction temperature 
below -10°C. The sodium hydroxide was line washed with 
water (0.5 vols). The reaction mixture was held for approxi 
mately 4 hours. Acetic acid (1.25 eq) was added to the mixture 
at -10°C. The mixture was allowed to warm to 5° C. Acetic 

acid (2.37 eq) was added to the mixture, the acetic acid line 
washed with water (3.5 vols) and the mixture allowed to warm 
to 22°C. The mixture was seeded, then water (5 vols) was 
added to the mixture. 2N hydrochloric acid (1.5 eq) was 
added to the mixture until pH4 was reached. The reaction 
mixture was stirred for at least 14 hours, then cooled to 10°C., 
stirred for 1 hour at 10°C. The mixture was filtered. The solid 

was slurry washed with water (3x2.5 vol). The isolated solid 
was dried at 25°C. under vacuum to afford the title compound 
as an off white solid. 

The solid was charged to a flask, followed by ethyl acetate 
(27.2 vols), and the mixture heated to reflux for at least 30 
minutes. The mixture was filtered hot and approximately 13 
Vols removed by vacuum distillation. The mixture was cooled 
to 15° C., and agitated overnight at this temperature. The 
mixture was filtered, and the (solid) washed with ethylacetate 
(2.25 vols). The isolated solid was dried at 25° C. under 
vacuum to afford the title compound as an off white solid. The 
corrected yield was 78%. 
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12 
H NMR 8 (400 MHz DMSO): 8.66 (s, 1H), 8.55 (s, 1H), 

7.36 (s, 1H), 7.31 (s, 1H), 7.16 (s, 1H), 4.71-4.65 (m, 1H), 
4.58-4.54 (t, 2H), 4.11-4.07 (t, 2H), 3.52-3.41 (m, 2H), 3.29 
(s, 3H), 2.33-2.26 (m. 2H), 1.24-1.2 (d. 3). 

Preparation of methyl (3-5-azetidinyl-1-ylcarbo 
nyl)pyrazin-2-yl)oxy-5-1S)-1-methyl-2-(methy 

loxy)ethyloxy)benzoate 

N C 
n 

O \\ 2 
HO N 

O- O 

CsCO3 
DMSO 

OH 

HO 

N O 
n 

\\ 1 - 
N 

O 

rol 
AC 

To a clean, dry, suitably serviced flask (flask A) fitted with 
overhead stirrer, thermometer, condenser, and nitrogen line 
was added methyl 3,5-dihydroxybenzoate (1.0 eq), 2-(azeti 
din-1-ylcarbonyl)-5-chloropyrazine (1.0 eq), cesium carbon 
ate (3.5 eq), and dimethylsulfoxide (9.4 vols) under a nitrogen 
atmosphere. The reaction vessel was heated to 45° C. under a 
nitrogen atmosphere for at least 14 hours. (1R)-2-Methoxy 
1-methylethyl 4-methylbenzenesulfonate (1.3 eq) was added 
over 45 minutes. The mixture was agitated at 45° C. for at 
least 14 hours then cooled to 22°C. and iso-propylacetate (10 
vols) added. Water (12 vols) was added over 25 minutes at 25° 
C., and the mixture was agitated for 15 minutes at 22°C. The 
organic layer was separated off, after which the aqueous layer 
was re-extracted with (2x5 vols) iso-propylacetate. The iso 
propyl acetate layers were combined and water (8 vols) was 
added. The mixture was agitated at 22°C. for 30 minutes. The 
aqueous layer was separated off and discarded. This process 
was repeated. The organic layer was distilled under vacuum 
to constant weight. 

Meanwhile neutral alumina (18 weight eq) was mixed in a 
flask with iso-propyl acetate (4.5 vols) and heptane (11.2 
Vols). This mixture was added to a large chromatography 
column and the reaction mixture compressed on the column. 

n1a-OTs 
--- 
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The mobile organic layer was diluted with iso-propyl acetate 
(0.2 vols) and heptane (0.4 vols). The mobile organic layer 
was then added to the column and eluted sequentially with 1:4 
V/v iso-propyl acetate?heptane (50 vols), 1:3 V/v iso-propyl 
acetate?heptane (20 vols) and 6:4 V/v iso-propyl acetate?hep 
tane (100 vols). Fractions were analysed by TLC, and frac 
tions that contained clean product evaporated on the rotary 
evaporator to give the title compound as a thick oil in 59% 
corrected yield. "H NMR (400 MHz, DMSO): 68.62 (s, 1H), 
8.50 (s, 1H), 7.34 (s, 1H), 7.30 (s, 1H), 7.17 (s, 1H), 4.68-4.64 
(m. 1H), 4.54-4.50 (t, 2H), 4.07-4.03 (t, 2H), 3.81 (s, 3H), 
3.49-3.41 (m, 2H), 3.25 (s.3H), 2.29-2.21 (m, 2H), 1.20-1.18 
(d. 3H) 

Preparation of (1R)-2-methoxy-1-methylethyl 
4-methylbenzenesulfonate 

OH 

N1 
N 

(R)-(-)-1-methoxy-2-propanol 

To a flask was added under a nitrogen atmosphere trim 
ethylamine hydrochloride (0.1 eq), tosylchloride (1.3 eq) and 
toluene (5 Vols) and the reaction mixture agitated to form an 
oily slurry. The slurry was cooled to -5°C. (2R)-1-Methox 
ypropan-2-ol (1.0 eq) was added drop-wise over 30 minutes. 
Toluene (2.5 vols) was added as a wash followed by triethy 
lamine (1.5 eq), which was added drop-wise via addition 
funnel over 30 minutes maintaining the reaction tempera 
ture-8°C. Furthertoluene (2.5 vols) was added as a wash and 
the reaction mixture held at -5° C. to 5° C. for 4.5 hours. 
N,N-Dimethyl-1,3-propane-diamine (0.3 eq) was added over 
10 minutes at -5°C. The mixture was agitated at -5°C. to 5° 
C. for 30 minutes. Then 2.Nhydrochloric acid (0.55 eq) and 70 
ml water were added. The mixture was agitated for 30 min 
utes at 22°C. and the aqueous layer was separated off and 
discarded. The mixture was washed twice more with water 

(10 Vols each wash) and after separation of the aqueous wash, 
the toluene layer was distilled to an oil on the rotary evapo 
rator. Toluene (20 vols) was added to the oil and the solution 
evaporated to give the title compound as a dry light brown oil. 
Yield (corrected for assay) 93-97%. 

H NMR (400 MHz CDC1): 8 7.78-7.75 (d. 2H), 7.45 
7.43 (d. 2H), 4.66-4.62 (m. 1H), 3.35-3.26 (m, 2H), 3.16 (s, 
3H), 2.4 (s.3H), 1.13-1.11 (d. 3H) 
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Preparation of methyl 

3-hydroxy-5-(phenylcarbonyl)oxybenzoate 

HO 

To a flask fitted with thermometer, condenser, overhead 
stirrer, pH probe and nitrogen line was added methyl-3,5- 
dihydroxybenzoate (1.0 eq), sodium phosphate mono-basic 
monohydrate (0.46 eq) and water (10.5 vols) under a nitrogen 
atmosphere. The temperature was adjusted to 20° C.3°C. 
10% w/w Sodium hydroxide was added to adjust the pH to pH 
7.8+0.2. Benzoyl chloride (1.0 eq) was added drop-wise in 
Small portions over 1-2 hours, and sodium hydroxide was 
added concurrently drop-wise in Small portions over the same 
time period to maintain the reaction in a pH range of pH 
7.8+0.2 and at a reaction temperature of 20° C.3°C. The 
crude reaction mixture was agitated for a further 30 minutes, 
filtered, and then washed with 4 vols of a solution prepared 
from water (4 Vols), sodium phosphate mono-basic monohy 
drate (0.05 eq), and adjusted to pH7.5 with 10% w/w sodium 
hydroxide. The crude solid was then washed with 4 vols of a 
Solution prepared from water (4 Vols), Sodium phosphate 
mono-basic monohydrate (0.05 eq), and adjusted to pH6.5 
with 10% w/w sodium hydroxide. The crude solid was then 
dissolved in iso-propyl acetate (8 vols) and water (2 vols) and 
the mixture agitated for at least 30 minutes to ensure the solid 
had dissolved. The mixture was filtered through a CUNOTM 
filter to remove a small amount of brown solid. The aqueous 
layer was separated off. Water (2 vols) was added to the 
organic layer and the batch agitated for at least 30 minutes. 
The aqueous layer was separated off and the organic layer was 
vacuum distilled, keeping the batch temperature below 40°C. 
to reduce the volume to 5-6 vols. Toluene was added then 

added (5 vols) and the mixture was vacuum distilled keeping 
the batch temperature below 40°C., reducing the volume to 
approximately 3.5 vols. The mixture was cooled to 15°C.3° 
C. and agitated at this temperature for at least 30 minutes, then 
filtered, and the solid washed with toluene (1 vol). The prod 
uct was dried at 20°C.-40°C. to give the desired product as a 
solid (corrected yield 40%–70%). 
H NMR 8 (400 MHz: CDC1): 8.21-8.18 (d. 2H), 7.67 

7.63 (t, 1H), 7.54-749 (t, 2H), 7.44 (d. 2H), 6.98-6.96 (t, 1H), 
6.7 (bs, 1H), 3.90 (s, 3H). 

Alternatively methyl 
3-hydroxy-5-(phenylcarbonyl)oxybenzoate may be 

made by the following process 

To a flask fitted with thermometer, condenser, overhead 
stirrer, pH probe and nitrogen line was added methyl-3,5- 
dihydroxybenzoate (1.0 eq), 325 mesh potassium carbonate 
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(3.0 eq) and dimethylformamide (DMF) (4 vols) under a 
nitrogen atmosphere. The mixture was heated to 47°C. for 1 
hour, then benzoyl chloride (1.0 eq) was added slowly drop 
wise via Syringe pump over approximately 2 hours. Further 
benzoyl chloride was added (0.1 eq) over 20 minutes via 
Syringe pump. The reaction mixture was held for 1.5 hours, 
then water (10 vols) and iso-propyl acetate (6 vols) were 
added. The reaction mixture was agitated for 30 minutes and 
then the layers were separated. The aqueous layer was re 
extracted with a further charge of iso-propyl acetate (6 vols). 
The batch was separated, and the combined organic layers 
were washed with saturated brine (6 vols), then with a solu 
tion of 0.1N hydrochloric acid/brine. The iso-propyl acetate 
was distilled to dryness on the rotary evaporator. Iso-propyl 
acetate (6 vols) was added, and distilled to dryness on the 
rotary evaporator. Toluene (6 vols) was added and distilled to 
dryness on the rotary evaporator. Toluene (3.5 vols) was 
added and the reaction slurried for 30 minutes. The solid was 
filtered off and dried at 20° C.-40° C. to give the desired 
product as a solid (corrected yield 72%). 

Alternative Preparation of methyl 
3-hydroxy-5-(phenylcarbonyl)oxybenzoate 

To an inerted flask fitted with thermometer, condenser, 
overhead stirrer, pH probe and nitrogen line was charged 
methyl 3,5-dihydroxy benzoate and suspended in 10 vol 
water. The pH of the Suspension was adjusted to 8.0 using an 
aqueous solution of 2.5% lithium hydroxide and 2.5% potas 
sium carbonate. A solution of benzoyl chloride (1.0 eq.) in 2 
Vol toluene was added at such a rate that the internal tempera 
ture could be maintained between 20 and 22°C. The pH of the 
solution was maintained between 7.9 and 8.1 by simultaneous 
addition of an aqueous solution of 2.5% lithium hydroxide 
and 2.5% potassium carbonate (approximately 5 vol). The 
resulting Suspension was agitated for further 60 minutes at 
20-22°C. and then filtered. The filter cake was washed twice 
with water (2 vol each) and pulled dry. The crude product 
obtained was then dissolved in isopropyl acetate (8 vol) 
before Diatomaceous earth was added and the slurry was 
stirred for 1 h. Following filtration of the to suspension the 
product is then solvent-swapped from isopropyl acetate into 
toluene (5 Vol) by vacuum distillation maintaining the inter 
nal temperature at or below 45° C. The resulting suspension 
was cooled to 15°C., agitated for 1 h and then filtered. After 
washing the filter cake with 1 vol toluene the product was 
dried to constant weight yielding typically 75-80% of the title 
product at >98% purity. 

Preparation of (1R)-2-methoxy-1-methylethyl 
4-methylbenzenesulfonate 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added trimethylamine hydrochlo 
ride (0.1 eq), tosyl chloride (1.3 eq) and toluene (5 vols) under 
a nitrogen atmosphere and the reaction mixture agitated to 
form an oily slurry. The slurry was cooled to -5°C., then 
(2R)-1-methoxypropan-2-ol (1.0 eq) was added drop-wise 
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16 
over 30 minutes. Toluene (2.5 vols) was added as a line wash 
followed by triethylamine (1.5 eq), which was added drop 
wise via addition funnel over 30 minutes maintaining the 
reaction temperature-8° C. Further toluene (2.5 vols) was 
added as a line wash and the reaction mixture held at -5°C. 
to 5° C. for 4.5 hours. N,N-dimethyl-1,3-propane-diamine, 
(0.3 eq) was added over 10 minutes at -5°C. The reaction 
mixture was agitated at -5°C. to 5°C. for 30 minutes, then 2N 
hydrochloric acid (0.55 eq) and 70 ml water were added. The 
reaction mixture was agitated for 30 minutes at 22°C. and the 
aqueous layer was separated off and discarded. The mixture 
was washed twice more with water (10 vols each wash) then 
the toluene layer was distilled to an oil on the rotary evapo 
rator. Toluene (20 vols) was added to the oil and the solution 
evaporated to an oil to give the title compound as a dry light 
brown oil. Yield corrected for assay 93-97%. "H NMR 8 (400 
MHz CDC1): 7.78-7.75 (d. 2H), 7.45-743 (d. 2H), 4.66-4.62 
(m. 1H), 3.35-3.26 (m, 2H), 3.16 (s, 3H), 2.4 (s, 3H), 1.13 
1.11 (d. 3H). 

Preparation of (1R)-2-methoxy-1-methylethyl 
4-(trifluoromethyl)benzenesulfonate) 

To a flask was added 4-trifluoromethylsulfonylchloride 
(1.3 eq) and toluene (10 vols), the reaction mixture was 
cooled to 5° C., then (2R)-1-methoxypropan-2-ol (1.0 eq) 
was added at 5° C. Trimethylamine hydrochloride (0.1 eq) 
was added at 5°C., then triethylamine (1.5 eq) added slowly 
drop-wise over 50 minutes maintaining the reaction tempera 
ture between 5-12°C. After holding for approximately 18 
hours at 5° C., the reaction was quenched by the dropwise 
addition of 3-dimethylaminopropane (0.3 eq) over minutes at 
5° C. The reaction mixture was stirred for 2 hours at 5° C., 
then water (5 vols) added at 5°C., then 5N hydrochloric acid 
(2 vols) was added slowly at 5°C. The reaction mixture was 
warmed to 20° C., water (1 Vol) was added followed by 
toluene (10 vols). The reaction mixture was warmed to 30°C., 
then the aqueous layer separated off and discarded. Water (5 
vols) was added and the reaction mixture agitated for 30 
minutes, then the water layer separated off and discarded. 8% 
w/w Sodium carbonate (4 vols) was added, the reaction mix 
ture agitated for 30 minutes, then the water layer separated off 
and discarded. Water (5 vols) was added, the batch agitated 
for 30 minutes, then the water layer separated off and dis 
carded. This water wash was repeated twice. The organic 
layer was evaporated to an oil on the rotary evaporator. Tolu 
ene was added and the organic layer was evaporated to an oil 
on the rotary evaporator. This process was repeated to give the 
desired product as a yellow oil (corrected yield 97%). "H 
NMR 8 (400 MHz CDC1,) 8.07-8.05 (d. 2H), 7.82-7.80 (d. 
2H), 4.84-4.80 (m. 1H), 3.44-3.35 (m, 1H), 3.19 (s, 3H), 
1.35-1.33 (d. 3H). 
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Preparation of 
3-hydroxy-5-(1S)-2-methoxy-1-methylethoxybenzoic 

acid 

OH 

N O 

OH 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added methyl 3-hydroxy-5-(phe 
nylcarbonyl)oxybenzoate (1.0 eq), cesium carbonate (1.5 
eq) and dimethylsulfoxide (7.0 Vols) under a nitrogen atmo 
sphere. The batch was heated to 40-45° C. (1R)-2-methoxy 
1-methylethyl 4-methylbenzenesulfonate (1.3 eq) was added 
slowly dropwise over at least 90 minutes maintaining reaction 
temperature at 40-45°C. The reaction mixture was held for at 
least 8 hours and then was cooled to 15+4°C. Iso-propyl 
acetate (4.0 vols) was added followed by water (5.0 vols), 
keeping the reaction temperature below 25°C. The reaction 
mixture was agitated for approximately 15 minutes and then 
the layers were separated. The organic phase was retained. 
The aqueous phase was re-extracted with further iso-propyl 
acetate (3 vols). The reaction mixture was agitated for 
approximately 15 minutes and then the layers separated. This 
process was repeated with further isopropyl acetate and the 
organic phases were combined and then washed with water (3 
Vols). After approximately 15 minutes agitation the layers 
were separated, and water (3 Vols) was added to the organic 
layer. After approximately 15 minutes agitation the layers 
were separated and the organic layer was vacuum distilled at 
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40° C. until no more solvent could be distilled. Methanol (7 
Vols) was added, then Sulphuric acid (0.8 eq) was added and 
the mixture was heated to reflux for at least 16+4 hours. The 
reaction mixture was vacuum distilled at 40° C. until a pot 
volume of 2.5-3 vols was achieved. Toluene (4 vols) was 
added to the flask, and vacuum distillation continued at 35°C. 
until a pot volume of 4.0 vols was achieved. The mixture was 
cooled to 20+5° C. Water (15 vols) was added to the reaction 
mixture and the mixture agitated at 20+5° C. for at least 15 
minutes. The batch was separated and the organic layer was 
cooled to 0-5°C., before 0.5M sodium hydroxide (1.0 eq) was 
added slowly keeping the batch temperature below 5°C. The 
vessel was agitated for 15 minutes and then separated. The 
aqueous layer was retained and the organic layer was treated 
with 0.5M sodium hydroxide (1.0 eq; added slowly keeping 
the batch temperature below 5°C.). The vessel was agitated 
for 15 minutes and then the layers were separated. The aque 
ous layers were combined and toluene (3 vols) added slowly 
keeping the batch temperature below 5°C. The vessel was 
agitated for 15 minutes and then separated. The aqueous layer 
was warmed to 25+5°C., and 33% w/w sodium hydroxide 
added (0.5 eq). After 2 hours stirring, 37% w/w hydrochloric 
acid (2.1 eq) was added to adjust the pH to pH 2. Methyl 
tert-butyl ether (3 vols) was added, the mixture was agitated 
for 15 minutes, then the layers separated. The organic layer 
was retained. The aqueous layer was re-extracted with MTBE 
(3 vols) and the combined organic layers were distilled under 
vacuum at 35° C. to a pot volume of approximately 3 vols, 
collecting 3 vols distillates. Toluene (5 vols) was added, and 
the batch temperature adjusted to 50° C. Water (1 Vol) was 
added and the batch agitated for at least 15 minutes at this 
temperature then the layers were separated. The organic layer 
filtered through a filter then distilled at 35°C. until the mix 
ture became turbid. The material was cooled to 20°C., seeded 
with 3-hydroxy-5-(1S)-2-methoxy-1-methylethoxyben 
Zoic acid and agitated at this temperature for 3 hours. The 
mixture was then distilled under vacuum at 25°C. is remov 
ing further MTBE, and then cooled to 5° C. for at least 2 
hours. The mixture was filtered, and the solid was washed 
with toluene (1 Vol) at 20° C. The batch was dried with 
vacuum or under a stream of nitrogen until constant weight 
was attained at 20° C. After drying, the title compound was 
obtained as a solid (corrected yield typically 40-50%). "H 
NMR 8 (400 MHz DMSO): 12.82 (bs, 1H), 9.74 (bs, 1H), 
6.95 (bs, 1H), 6.91 (bs, 1H), 6.56-6.55 (t, 1H), 4.59-4.52 (m, 
1H), 3.5-3.41 (m, 2H), 3.28 (s, 3H), 1.21-1.19 (d. 3H). 

Alternative Preparation of 
3-hydroxy-5-(1S)-2-methoxy-1-methylethoxybenzoic 

acid 

Methyl 3-hydroxy-5-(phenylcarbonyl)oxybenzoate (1.0 
eq.), (R)-1-methoxy-2-propanol (1.25 eq.) and triph 
enylphosphine (1.25 eq.) were suspended in toluene (10 vol). 
Diisopropylazodicarboxylate (1.25 eq.) was added at a batch 
temperature of between 0 and 5° C. over -2 h. The mixture 
was allowed to warm to room temperature and was stirred for 
further 30 min. at this temperature. The resulting suspension 
was filtered to remove the bulk of the triphenylphosphine 
oxide formed and the filter cake was washed with toluene (1.5 
vol). To the combined toluene fractions containing the result 
ing methyl 3-(1S)-2-methoxy-1-methylethoxy-5-(phenyl 
carbonyl)oxybenzoate was added sodium methylate (0.8 
eq.) at a batch temperature of between 20 and 30° C. and the 
mixture was stirred to 1 h. The solution of the resulting methyl 
3-hydroxy-5-(1S)-2-methoxy-1-methylethoxy-benzoate 
was then extracted twice with KOH 0.25 M (3.5 vol each) at 
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a batch temperature of between 0 and 5° C. KOH was then 
added (1 eq.) to hydrolyse the ester moiety and the batch was 
stirred for 1 hat a temperature of between 20 and 30°C. The 
pH of the aqueous phase is then adjusted to 1.5 using conc. 
hydrochloric at a batch temperature of <30° C. Crude 3-hy 
droxy-5-(1S)-2-methoxy-1-methylethoxybenzoic acid was 
subsequently extracted into MTBE (2x3 vol) before activated 
charcoal was added. The batch was stirred for 10 minutes and 
then filtered. The batch was reduced to 3 pot volumes by 
distillation at a batch temperature of <45° C. Toluene (4 vol) 
and heptane (1 Vol) were added and vacuum distillation was 
continued at a batch temperature of <50° C. until no further 
MTBE was collected. The batch was cooled to a temperature 
of <40°C., seeded and further cooled to a batch temperature 
of between 28 and 32°C. The resulting suspension was stirred 
for 1 h at this temperature before being further cooled to 5 to 
10° C. After 2 h stirring at 5 to 10° C. the batch was filtered 
and washed with cold toluene (1 vol.). Drying at <60° C. 
furnished 3-hydroxy-5-(1S)-2-methoxy-1-methylethoxy 
benzoic acid in >99% purity as colourless solid with a melting 
point of 95°C. in a typical yield between 65 and 70% from 
methyl 3-hydroxy-5-(phenylcarbonyl)oxybenzoate. 

Methyl 3-(1S)-2-methoxy-1-methylethoxy-5-(phe 
nylcarbonyl)oxybenzoate 

'HNMR (400 MHz, CDC1,) 88.21-8.17 (d. 2H), 7.66-7.62 
(t, 1H), 7.54-7.49 (m, 4H), 7.03-7.02 (t, 1H), 4.64-4.60 (m, 
1H), 3.9 (s.3H), 3.61-3.49 (m, 2H), 3.45 (s.3H), 1.35-1.33 (d. 
3H) 
'C NMR data (100.55 MHz, CDC1) & 166.2, 164.91, 

158.88, 151.79, 133.87, 132.25, 130.28, 129.28, 128.71, 
115.6, 114.95, 114.27, 75.7, 73.83, 59.45, 52.44, 16.72. 

Methyl 3-hydroxy-5-(1S)-2-methoxy-1-methyl 
ethoxybenzoate 

H NMR (400 MHz, DMSO) & 6.93 (s, 1H), 6.90 (s, 1H), 
6.57 (bs, 1H), 4.55-4.51 (m, 1H), 3.79 (s.3H), 3.47-3.41 (m, 
2H), 3.26 (s, 3H), 1.18-1.17 (d. 3H) 

Preparation of 3-hydroxy-5-(1S)-2-methoxy-1-me 
thylethoxybenzoic acid (t-butylamine salt) 

To a flask fitted with overhead stirrer was added 3-hydroxy 
5-(1S)-2-methoxy-1-methylethoxybenzoic acid (1.0 eq) 
and acetonitrile (6 vols). Tert-butylamine (1.0 eq) was added 
at 22°C., followed by acetonitrile (3 vols). After stirring for at 
least 5 hours, the reaction mixture was filtered and dried in a 
vacuum oven to give the title compound as a crystalline white 
solid (73.6%). "H NMR (400 MHz DMSO) 8: 6.90 (bs, 1H), 
6.85 (s, 1H), 6.30-6.29 (t, 1H), 4.47-4.43 (m, 1H), 3.47-3.35 
(m. 2H), 3.09 (s.3H), 1.22 (s.9H), 1.17-1.16 (d. 3H). Melting 
point by Differential Scanning Calorimetry (DSC) 154.7°C. 

Preparation of 3-hydroxy-5-(1S)-2-methoxy-1-me 
thylethoxybenzoic acid (potassium salt) 

KOH liquor (1.04 eq. of 50.4 wt %) was added to a stirred, 
nitrogen sparged solution of 3-hydroxy-5-(1S)-2-methoxy 
1-methylethoxybenzoic acid (1 eq.) in undried 1-propanol 
(4.87 vol.). At the end of the addition, water (0.33 vol.) and 
toluene (3.43 vol.) were separately added to the resulting 
slurry. The jacket temperature was raised to 67° C. before 
being subjected to the following cooling profile: 67°C. to 64° 
C. over 3 h, 64 to 57°C. over 3 h, 57 to 45° C. over 3 h, and 
45 to 20°C. over 3 h. 6 hafter the end of this ramp, the jacket 
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temperature was lowered to 0°C. over 3 h, the jacket was foil 
wrapped and desupersaturation was allowed to complete 
overnight (>6 h). The slurry was isolated by filtration through 
an 11 micron filter paper. The cake was sequentially washed 
twice with an equal weight of an ice-cold solution of toluene 
(41.79 wt %) in 1-propanol. The cake was dried in a 40°C. 
house vacuum oven to give 3-hydroxy-5-(1S)-2-methoxy-1- 
methylethoxybenzoic acid potassium salt as tri-hydrate in a 
typical yield of 93% of theoretical yield. 
H NMR (400 MHz, d-DMSO)9.05 (1H, brs), 6.86-6.83 

(2H, m), 6.18 (1H, dd, J=2.3, 2.3), 4.44 (1H, qdd, 6.2, 5.1, 
5.1), 3.48-3.33 (8H, m), 3.28 (3H, s), 1.18 (3H, d, J=2.3) 

Other salts of 3-hydroxy-5-(1S)-2-methoxy-1-methyl 
ethoxybenzoic acid, e.g. sodium, calcium or magnesium 
salts, were formed in a similar way using appropriate bases, 
e.g. sodium hydroxide, magnesium hydroxide or calcium 
hydroxide or by salt exchange for example by using potas 
sium acetate or potassium 2-ethylhexanoate (in propan-2-ol) 
for the potassium salt or using calcium bis-(2-ethylhex 
anoate) for the calcium salt. 

Process for enzymatic conversion of (methyl 3-(1S)- 
2-methoxy-1-methylethoxy-5-(phenylcarbonyl) 
oxybenzoate to methyl 3-hydroxy-5-(1S)-2-meth 

oxy-1-methylethoxybenzoate 

To a flask fitted with thermometer and magnetic stirrer was 
added (methyl 3-(1S)-2-methoxy-1-methylethoxy-5-(phe 
nylcarbonyl)oxybenzoate) (1.0 eq), and tert-butanol (90 
vols) followed by addition of either water (10 vols) or pH7 
buffer (10 vols). Enzyme 1 wt eq (either AE 01 Lipase C1 or 
Alphamerix AE-02) was added and the reaction agitated at 
36°C. for several days (such as 7 days) until the reaction was 
complete. 

Preparation of 3-5-(azetidin-1-ylcarbonyl)pyrazin 
2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxyben 

Zoic acid 

Dimethylsulfoxide?water 

Water 

O Sr. c 

overhead stirrer and nitrogen line was added 3-hydroxy-5- 

O potassium carbonate 

hydrochloric acid 

N O 
n 

\\ 1 - 
N 

O 

(1S)-2-methoxy-1-methylethoxybenzoic acid (1.0 eq), 

iso-propyl acetate 
O 

N C 
n 

OH AC N 
O 

O 

To a clean dry flask fitted with thermometer, condenser, 

potassium carbonate (2.5 eq), dimethylsulfoxide (3 Vols) and 
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water (1.0 Vols) under a nitrogen atmosphere. The resulting 
mixture was heated to 45° C.-55° C. for at least one hour. 
2-(AZetidin-1-ylcarbonyl)-5-chloropyrazine (1.05 eq) was 
dissolved in dimethylsulfoxide (5.0 vols) at about 40°C.-50° 
C. The solution of 2-(aZetidin-1-ylcarbonyl)-5-chloropyra 
zine in DMSO was added drop-wise via syringe pump to the 
above reaction mixture over 1-4 hours maintaining the reac 
tion temperature at 45°C.-55°C. The reaction was stirred for 
16 hours at 45° C.-55° C. The bath was cooled to 22-3°C. 
Water (8 vols) was added, followed by iso-propyl acetate (10 
vols). The contents were agitated at 22°C. for 15 minutes then 
the layers were separated The aqueous layers was treated with 
iso-propylacetate (10 vols) and the mixture agitated at 22+3° 
C. for at least 15 minutes. The layers were separated and the 
aqueous layer was treated again with iso-propylacetate in the 
same manner. The layers were separated, the organic layer 
was discarded and 5N hydrochloric acid (-4.4 eq) was added 
drop-wise over at least 30 minutes to the aqueous layer to a pH 
end-point of pH 3-0-pH4.0 whilst maintaining the reaction 
temperature at 22+3°C. Iso-propylacetate (10 vols) was then 
added and the mixture heated to 75° C. The mixture was 
agitated at this temperature for at least 30 minutes, then the 
temperature was adjusted to 70° C. and the layers were sepa 
rated. The organic layer was retained, and the aqueous layer 
treated with iso-propylacetate (10 vols) and the mixture 
heated to 75°C. The mixture was agitated at this temperature 
for at least 30 minutes, then the temperature was adjusted to 
70° C. and the layers separated. The organic layer was 
retained, and the aqueous layer discarded. The combined 
organic layers from the previous 2 separations were reheated 
to reflux for dissolution. Water (5 vols) was added and the 
mixture stirred at 70-75° C. for at least 15 minutes. The batch 
temperature was adjusted to 70° C. and the aqueous layer 
separated off and discarded. This process was repeated twice 
with a further 5 Vols of water at each time. The organic layer 
was set to distill at atmospheric pressure to a pot Volume of 4 
vols. Iso-propyl acetate (8 vols) was added and the batch set 
to distil to a pot volume of approximately 4 vols. The batch 
was cooled to 22°C. over 2 hours, the batch was agitated at 
22°C. for 3 hours, then cooled to 0°C., the mixture was held 
at 0°C. for 5 hours, then filtered, and the solid washed with 
iso-propylacetate (20 ml. 4 Vols). After drying in the vacuum 
oven at 50° C. overnight, the desired product was obtained as 
a solid (corrected yield 85-90%). H NMR 8 (400 MHz 
DMSO): 8.66 (s, 1H), 8.55 (s, 1H), 7.36 (s, 1H), 7.31 (s, 1H), 
7.16 (s, 1H), 4.71-4.65 (m. 1H), 4.58-4.54 (t, 2H), 4.11-4.07 
(t, 2H), 3.52-3.41 (m, 2H), 3.29 (s.3H), 2.33-2.26 (m, 2H), 
1.24-1.19 (d. 3H) 
* Alternatively, salts of this acid may be used in this procedure, either directly 
or after transformation into the free acid by cracking the salt by appropriate 
method, eg: acidification and extraction, adding NaOH then distilling, or any 
other process known in the art. 

Preparation of 3-5-(azetidin-1-ylcarbonyl)pyrazin 
2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxyben 

Zoic acid 

Alternative Method 
3-Hydroxy-5-(1S)-2-methoxy-1-methylethoxybenzoic 

acid (5.00 g, 22.10 mmol) and tetra n-butyl phosphonium 
chloride (6.53 g, 22.1 mmol) were suspended in 2-methyltet 
rahydrofuran (25 ml, 5 vol rel. to the benzoic acid) and 22 mL 
water at ambient temperature under nitrogen. Solid potas 
sium carbonate (27.98 g. 202.4 mmol) was charged portion 
wise with vigorous mechanical stirring. At the end of addition 
KOH liquor (2.46 g 50% wit/wt in water, 22.1 mmol) was 
added before the biphasic slurry was heated to 50° C. Once 
the temperature had stabilised, 2-(azetidin-1-ylcarbonyl)-5- 
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22 
chloropyrazine (4.586 g, 23.21 mmol) was charged portion 
wise over 40 minutes and the mixtures was stirred over night 
under nitrogen at 50°C. The phases were split and the lower 
aqueous phase was run off 25 ml of toluene and 50 mL water 
were added to the remaining dark red organic phase. The pH 
of the aqueous phase was then adjusted to 7.0 using conc. 
hydrochloric acid. The jacket temperature was adjusted to 20° 
C. and the phases were separated again (the lower aqueous 
phase was run off and retained; the upper organic phase was 
discarded). The aqueous phase was washed with more tolu 
ene (25 mL). After phase separation the toluene phase was 
removed again. The pH of the retained aqueous phase was 
adjusted to 2.1 using 5M hydrochloric acid solution (7.1 mL). 
Isopropyl acetate (34.9 g) was charged and the jacket tem 
perature was raised to 80° C. Equilibration was performed 
with the jacket temperature set to 80°C. After phase split the 
lower aqueous phase was run off again and back-extracted 
with more isopropyl acetate (17.4 g). The organic phases 
were combined and homogenised at 80° C. before being 
washed with water (10 mL). The organic phase was dried by 
azeotropic distillation under slight vacuum at constant batch 
Volume (batch partially crystallised). The Suspension was 
cooled to 0°C. over 13.5 h and the batch was isolated by 
filtration followed by a cake-wash with isopropyl acetate 
(17.4 g). After drying at 40°C. in a vacuum oven overnight 
5.25 g at 96% strength (59% corrected yield) of the desired 
product was obtained as white solid. 

3-5-(AZetidin-1-ylcarbonyl)pyrazin-2-yl)oxy-5- 
(1S)-2-methoxy-1-methylethoxy-N-(5-meth 

ylpyrazin-2-yl)benzamide 

P 
O 

Sr. OH OS N-N 
O 
He 

N. O N 
s 

As N 

O 

Noro'? 
AC 

To a flask fitted with overhead stirrer, thermometer, con 
denser, and nitrogen line was added 3-5-(aZetidin-1-ylcar 
bonyl)pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-methyl 
ethoxybenzoic acid (1.0 eq), 5-methylpyrazin-2-amine (1.12 
eq) and 2-methyltetrahydrofuran (4.4 Vols) under a nitrogen 
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atmosphere. The mixture was cooled to 5°C., and then N-me 
thylmorpholine (5.0 eq) added drop-wise over at least 15 
minutes maintaining the temperature at 5+5° C. 1-Propane 
phosphonic acid cyclic anhydride (T3P) (as 50% w/w solu 
tion in ethyl acetate) (2.5 eq) was added drop-wise over at 
least 15 minutes maintaining the temperature at 5-5°C. The 
mixture was heated to reflux for at least 16 hours then cooled 
to 22+5° C. Water (4.0 vols) was added to the reaction mix 
ture, followed by 2-methyltetrahydrofuran (4.0 vols). After 
agitating for 30 minutes, the mixture was separated. The 
upper organic layer was retained and the aqueous layer 
treated with 2-methyltetrahydrofuran (4.0 vols). After agitat 
ing for 30 minutes, this mixture was separated. The organic 
layers were combined and further 2-methyltetrahydrofuran 
(6.0 vols) was then added. The mixture was agitated, and 1.ON 
hydrochloric acid (4.0 vols) was added. The mixture was 
agitated for at least 30 minutes at 22+5° C., and the layers 
were then separated. The organic layer was treated with 1.ON 
hydrochloric acid (4.0 vols) then the mixture was agitated for 
at least 30 minutes at 22+5° C., then the layers were sepa 
rated. The organic layer was treated with 5% w/w sodium 
hydrogen carbonate (4.0 Vols). The mixture was agitated for 
at least 30 minutes at 22+5°C., the layers were separated. The 
organic layer was treated again with 5% w/w Sodium hydro 
gen carbonate (4.0 Vols) following the same procedure, and 
then with water (4.0 vols) following the same procedure. The 
organic layer was then distilled at atmospheric pressure to a 
pot Volume of 4.7 vols. Methyl iso-butylketone (10 vols) was 
added, and the batch distilled at atmospheric pressure to a pot 
volume of 4.68 vols. Methyl iso-butylketone (10 vols) was 
added, and the batch distilled at atmospheric pressure to a pot 
volume of 4.68 vols. The batch was cooled to 70° C., heptane 
(2.02 vols) was added slowly drop-wise over at least 30 min 
utes maintaining the reaction temperature at 70+5°C. The 
mixture was cooled to 60°C., and seeded with 3-5-(azeti 
din-1-ylcarbonyl)pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1- 
methylethoxy-N-(5-methylpyrazin-2-yl)benzamide Form 1. 
agitated at 60° C. for 1 hour, cooled to 50° C. at 0.1° C. 
agitated at 50° C. for 140 minutes, then cooled to 22°C. at 
0.1° C./minute. The mixture was held at 22°C. for at least 12 
hours. Heptane (5.06 vols) was then added drop-wise over 
at least 120 minutes maintaining the batch temperature at a 
temperature at 22+5°C. The mixture was cooled to 0°C. at 
0.1° C./minute then held at 0°C. for at least 12 hours and then 
filtered. The isolated solid was washed with a mixture of 
methyl iso-butylketone (1.0 vols) and heptane (3.0 vols) pre 
chilled to 0°C. The solid was dried at 40°C. After drying in 
the vacuum oven at 40°C. overnight, the desired product was 
obtained as a solid (corrected yield 85%. "H NMR 8 (400 
MHz DMSO) 11.04 (s, 1H),9.26 (s, 1H),8.68 (s, 1H),8.57 (s, 
1H), 8.36 (s, 1H), 7.56 (s, 1H), 7.46 (s, 1H), 7.12 (s, 1H), 
4.81-4.77 (m. 1H), 4.58-4.54 (t, 2H), 4.11-4.07 (t, 2H), 3.55 
3.47 (m, 2H), 3.3 (s, 3H), 2.48 (s.3H), 2.34-2.26 (m, 2H), 
1.26-1.25 (d. 3H) 

3-5-(AZetidin-1-ylcarbonyl)pyrazin-2-yl)oxy-5- 
(1S)-2-methoxy-1-methylethoxy-N-(5-meth 

ylpyrazin-2-yl)benzamide 

B 
3-5-(AZetidin-1-ylcarbonyl)pyrazin-2-yl)oxy-5-(1S)- 

2-methoxy-1-methylethoxy-benzoic acid (1.0 eq), (1.00 mol 
eq), 5-methylpyrazin-2-amine (1.12 moleq) and 2-methyltet 
rahydrofuran (2.00 rel vols) were charged to a vessel and 
stirred at 20° C. N-methylmorpholine (5.00 mol eq) was 
added followed by a line-wash with 2-methyl-tetrahydrofu 
ran (0.50 rel vols). A 50 wt % solution of 1-propanephospho 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

24 
nic acid cyclic anhydride (T3P) in 2-methyltetrahydrofuran 
(1.70 mol eq) was charged followed by a line wash with 
2-methyltetrahydrofuran (0.50 rel vols). The resulting mix 
ture was heated to 78°C. over 30 minutes and the clearyellow 
solution was held at 78°C. for roughly 22 hours, then checked 
for acceptable conversion. At the end of reaction the solution 
was further diluted with 2-methyltetrahydrofuran (7.00 rel 
vols) and the temperature was adjusted to 45° C. 5 wt % aq. 
sodium bicarbonate solution (6.00 rel vols) was slowly added 
over 30 mins to the stirring solution causing gas evolution. 
After 15 minutes stirring was turned off and the phases were 
allowed to separate over 30 minutes. The lower aqueous 
phase was drained off 20 wt % aq. phosphoric acid (3.30 rel 
Vols) was charged to the stirring organic phase. After 15 
minutes stirring the phases were allowed to separate and the 
lower aqueous phase was drained off again. A mixture of 20 
wt % aq. phosphoric acid (1.50 rel vols) and water (1.50 rel 
Vols) was charged to the stirring organic phase. After 15 
minutes, stirring was turned off and the mixture held over 
night for phase separation. The lower (aqueous) phase was 
drained off again. 5 Wt % aq. sodium bicarbonate (4.50 rel 
vols) was added over at least 10 mins to the stirring solution. 
After phase separation the lower (aqueous) phase was run off 
again. The resulting solution was dried by azeotropic distil 
lation to a concentration of approximately 241 mg/g, collect 
ing around 0.48 rel vols of the lower distillate phase. Heptane 
(1.60 rel vols) was added over 10 mins to the dry solution at 
above 50° C. before the batch was cooled to 40° C. The 
solution was seeded with 3-5-(azetidin-1-ylcarbonyl) 
pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxy-N- 
(5-methylpyrazin-2-yl)benzamide (Form 1 Seed, 0.0010 rel 
wt) before an overnight temperature program was applied: 
held at 40° C. for 2 hrs; cooled to 35° C. at 0.1° C./min (50 
minutes); held for 2 hours; cooled to 30° C. at 0.1° C./min (50 
minutes); held for 2 hours; cooled to 0° C. at 0.1° C./min (300 
minutes); and held for at least 2 hours. After crystallisation 
overnight, further heptane (4.1 rel vols) was added over 2.0 
hours to reduce losses to liquors to <4.0 mg/mL. The Suspen 
sion was then filtered followed by a line rinse with a pre 
mixed solution of heptane (2.10 rel vols) and 2-methyltet 
rahydrofuran (0.90 rel vols) and transferred to a filtration 
apparatus?. The filter cake was dried to constant weight at 40° 
C. to furnish crude 3-5-(azetidin-1-ylcarbonyl)pyrazin-2- 
yl)oxy-5-(1S)-2-methoxy-1-methylethoxy-N-(5-meth 
ylpyrazin-2-yl)benzamide in 86-89% of theory as Form I. 

Process for crystallisation of 3-5-(azetidin-1-ylcar 
bonyl)pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-meth 
ylethoxy-(5-methylpyrazin-2-yl)benzamide (as form 

4) from 2-methyltetrahydrofuran/isohexane 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added a solution of 3-5-(azetidin 
1-ylcarbonyl)pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-me 
thylethoxy-N-(5-methylpyrazin-2-yl)benzamide in 
2-methyltetrahydrofuran under a nitrogen atmosphere. The 
Solution was distilled at atmospheric pressure until a pot 
volume of 7 vols was obtained. Iso-hexane (3 vols) was added 
at 70° C., then cooled to 50° C. for 1 hour. The mixture was 
seeded with 3-5-(azetidin-1-ylcarbonyl)pyrazin-2-yl) 
oxy-5-(1S)-2-methoxy-1-methylethoxy-N-(5-meth 
ylpyrazin-2-yl)benzamide (form 1) (5% wit/wt). The mixture 
was cooled to 0°C. at 0.1° C./minutes and left to agitate at 0° 
C. for at least 48 hours. The mixture was filtered and dried and 
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left to dry on standing at 22°C. to give the title compound as 
an off white solid. Yield of isolated solid was 68% as form 4. 

Preparation of 3-5-(azetidin-1-ylcarbonyl)pyrazin 
2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxy-N- 
(5-methylpyrazin-2-yl)benzamide) (as form 6) 

N O Butyronitrile 
n 

\\ 1 - 
N 

O 

To a flask fitted with thermometer, condenser, overhead 
stirrer and nitrogen line was added 3-5-(azetidin-1-ylcar 
bonyl)pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-methyl 
ethoxy-N-(5-methylpyrazin-2-yl)benzamide (1.0 eq) and 
butyronitrile (5.4 vols) under a nitrogen atmosphere. The 
batch was heated to 50° C. and filtered into another flask. The 

mixture was cooled to 45° C., and then seeded with 3-5- 
(azetidin-1-ylcarbonyl)pyrazin-2-yl)oxy-5-(1S)-2-meth 
oxy-1-methylethoxy-N-(5-methylpyrazin-2-yl)benzamide) 
(form 6) (0.075% w/w). The mixture was held at 45° C. for 3 
hours, then cooled to 15° C. at 0.1° C./minute and held at 15° 
C. for at least 24 hours then filtered. The solid was washed 
with butyronitrile (2 vols) pre-chilled to 15°C. The solid was 
dried at 40° C. until the solvent level was <0.5% w/w. After 

drying in the vacuum oven at 40° C. overnight, the title 
compound was obtained as a solid (corrected yield 85%). 

Preparation of 5-Chloropyrazine-2-carboxylic acid 

THF 
N C Potassium carbonate 

Hydrochloric acid 
O Water 

1 4. 
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26 
-continued 

N C 

O 2 
H1 N 

O 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added methyl 5-chloropyrazine-2- 
carboxylate (1.0 eq) and tetrahydrofuran (4.92 vols) under a 
nitrogen atmosphere. The reaction mixture was agitated until 
all the solid had dissolved, then filtered into a second flask. 
Water (8.65 vols) was added to the reaction mixture and the 
mixture agitated for approximately 15 minutes. Potassium 
carbonate (2.1 eq) was added to the reaction mixture and the 
mixture agitated for 16 hours at 20-25°C. Then 32% w/w 
hydrochloric acid (3.76 eq) was added over 3 hours in small 
portions, keeping the reaction temperature 20-25°C., to a pH 
end point of pH2.2. The resultant slurry was heated to 
approximately 35-40°C. and then distilled under vacuum at 
this temperature distilling approximately 5.3 Vols, to a final 
volume of approximately 9.3 vols. The mixture was then 
cooled to 20-25°C. over at least 2 hours, agitated for 10 hours 
at this temperature and then filtered. The solid was washed 
with water (2.8 vols), and the wet product produced dried at 
35°C. in a vacuum oven. The desired product was obtained as 
a solid (corrected yield 91%) 'H NMR 8 (400 MHz CDC1): 
7.20 (1H, bs), 8.72 (1H, s), 9.21-9.21 (1H, m); m/z 157 
(M-H)". 

2-(AZetidin-1-ylcarbonyl)-5-chloropyrazine 

C 

He 

Thionyl chloride/DMF 
toluene 

dichloromethane 
O triethylamine 

AZetidine·HCl 
Water 
Heptane 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added 5-chloropyrazine-2-car 
boxylic acid (1.0 eq), DMF (0.069 eq) and toluene (5.52 vols) 
under a nitrogen atmosphere. The mixture was heated to 
60-65° C., and thionyl chloride (1.5 eq) added drop-wise to 
the batch over approximately 2 hours. The thionyl chloride 
was washed into the flask with toluene (0.2 vols). The reaction 
mixture was heated at 60-65° C. for at least 4 hours, then 
cooled to 40-45° C. and distilled under vacuum, removing 
approximately 4.5 vol distillates, and distilling to a final vol 
ume of 3.2 vols. Toluene (10.6 vol) was added, and the mix 
ture distilled under vacuum at 40-45° C., removing approxi 
mately 9.1 vol distillates, and distilling to a final volume of 
4.7 vols. The mixture was then cooled to 20-25° C., and 
dichloromethane (10.6 vols) added. The mixture was cooled 
to 0-5°C. Meanwhile, to a second flask fitted with overhead 
stirrer, condenser, thermometer and nitrogen line was added 



US 8,093,252 B2 
27 

azetidine hydrochloride (0.284 eq), dichloromethane (5.2 
Vols) under a nitrogen atmosphere. Triethylamine (2.57 eq) 
was added over at least 15 minutes maintaining the reaction 
temperature from 20-25° C., the triethylamine was washed 
into the flask with dichloromethane (0.13 vols), and the mix 
ture cooled to -5°C. to -10°C. The acid chloride solution in 

the first flask was added to the second flaskin portions main 
taining the reaction temperature at -5°C. to -10°C. over a 
time period of 2-5 hours. The pH was tested and adjusted to 
pH>7 after the acid chloride addition. The reaction mixture 
was agitated for at least 30 minutes at -5°C. to -10°C. Water 
(10.6 vols) was added to the second flaskand the temperature 
was allowed to increase to 20-25°C. The mixture was agi 
tated for approximately 25 minutes and then the layers were 
separated. A 3.17% w/w solution (1.46 eq) of hydrochloric 
acid (prepared from 32% w/w hydrochloric acid and water) 
was added to the organic layer B keeping the batch tempera 
ture at 20-25°C. The mixture was agitated for 30 minutes at 
this temperature. The layers were separated, and the organic 
phase was treated with 26% w/w sodium chloride solution 
(approximately 8.9 vols) and the batch agitated at 20-25°C. 
for at least 15 minutes. The layers were separated and the 
organic layers was heated to reflux, and dichloromethane was 
removed by atmospheric distillation, distilling to a final vol 
ume of approximately 1-2 Vols, collecting approximately 
11.9 vols distillates. The resulting mixture was cooled to 
20-25°C., and heptane (10.5 vols) added. The mixture was 
heated to reflux for 60 minutes, and then cooled to 90-100° C. 
The hot solution was filtered through a filter containing 10% 
w/w of activated charcoal into a clean dry vessel. The filter 
was washed with heptane (0.43 vols) and the solution cooled 
to 20-25°C. over at least 2 hours. The resulting crystallised 
slurry was filtered, and the solid washed with pentane (0.94 
vols). After drying in the vacuum oven at 40°C. overnight, the 
desired product was obtained as a solid (corrected yield 
65-78%). H NMR 8 (400 MHz CDC1): 2.35-2.42 (2H, m), 
4.26 (2H, t), 4.67 (2H, t), 8.52 (1H, d), 9.09 (1H, d); m/z 198 
(M+H)". 

tert-Butyl (5-methylpyrazin-2-yl)carbamate 

N 

u r Her DPPA 
4. Di-isopropylethylamine 

t-butanol 
Water 

sodium hydroxide 

- C H 

HOC 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added 5-methylpyrazine-2-car 
boxylic acid (1.0 eq), tert-butanol (3.5 vols) and di-isopropy 
lethylamine (1.5 eq) under a nitrogen atmosphere. The 
mixture was heated to 82°C., then diphenylphosphorylazide 
(1.0 eq) was added over a time period of 5-14 hours, main 
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28 
taining the temperature of the reaction mixture at approxi 
mately 82°C. The reaction mixture was stirred for at least 1.5 
hours, and then cooled to approximately 60°C. A solution of 
4% w/w sodium hydroxide (1.75 eq) was added over a period 
of 2 hours. The mixture was cooled to 15° C. over at least 5 
hours then held at 15° C. for 3 hours. The batch was then 

filtered, and the solid slurry washed with water (2 vols). The 
batch was again slurry washed with water (2 vols). After 
drying at 55-60° C. overnight, the desired product was 
obtained as a solid (corrected yield 56-63%). "H NMR 8 (400 
MHz CDC1): 9.18 (s, 1H),8.17 (bs, 1H),8.11 (s, 1H), 2.51 (s, 
3H), 1.56 (s, 9H) 

5-Methylpyrazin-2-amine 

-as 

Trifluoroacetic acid 
Water 

n-propylacetate 

N 
O N 

us 2 
O N N 

Sodium hydroxide 
H Toluene 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added tert-butyl (5-methylpyrazin 
2-yl)carbamate (1.0 eq), and water (6.85 vols). The mixture 
was heated to 70° C. and trifluoroacetic acid (TFA) (1.2 eq) 
was added slowly drop-wise over 90-120 minutes. Water 
(0.22 vols) was added to wash the TFA into the flask. The 
reaction mixture was heated at 65-75° C. for at least 30 

minutes, and then cooled to 15-25°C. Then 32% w/w sodium 
hydroxide (1.30 eq) was added drop-wise over 30-60 minutes 
maintaining the reaction temperature between 15-40° C. 
Water (0.22 vols) was added to wash the sodium hydroxide 
into the flask. N-Propylacetate (7.0 vols) was added and the 
mixture agitated for 45 minutes at 20° C. The layers were 
separated, the organic layer was retained and the aqueous 
layer was returned to the flask. N-Propylacetate (7.0 vols) was 
added and the mixture agitated for 45 minutes at 20°C. The 
layers were separated, the organic layer was retained and the 
aqueous layer was returned to the flask. This process was 
repeated twice. The combined organic layers were filtered 
through a filter containing silica (20% w/w) into a clean dry 
flask. The mixture was heated to 40° C. and then vacuum 

distilled to a final volume of 1.0-1.33 vols. Toluene (3.0 vols) 
was added, and the vacuum distillation continued at 40°C. to 
a final volume of 1.0-1.33 vols. This process was repeated 
twice. The resulting mixture was cooled to 5°C., and agitated 
for 1 hour at this temperature then filtered, washed with 
toluene (0.3 vols) at 0-5°C. The batch is slurry washed with 
toluene (1.0 vol) at 0-5°C. After drying at 45° C. overnight, 
the desired product was obtained as a solid (corrected yield 
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typically 75%). "H NMR 8 (400 MHz CDC1): 7.92 (s, 1H), 
7.87 (s, 1H), 4.6 (bs, 2H), 2.40 (s, 3H) 

Preparation of methyl 3-5-(azetidin-1-ylcarbonyl) 
pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-methyl 

ethoxybenzoate 

O 

O Sr. c 
OH 

N C 
n 

As N 

O 

ro' 
AC 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added methyl 3-hydroxy-5-(1S)- 
2-methoxy-1-methylethoxybenzoate (1.0 eq), 2-(azetidin-1- 
ylcarbonyl)-5-chloropyrazine (1.05 eq), cesium carbonate 
(1.5 eq) and dimethylsulfoxide (10 vols) under a nitrogen 
atmosphere. The contents of the flask were heated to 45° C. 
for 1.5 hours, then cooled to 22°C. Ethyl acetate (6 vols) and 
water (6 vols) were added to the flask, the mixture was agi 
tated for 15 minutes, then the layers were separated. Water (3 
vols) was added to the organic layer, the batch agitated for 15 
minutes, then the layers were separated. This process was 
repeated with water (3 vols) then saturated brine (6 vols), then 
with water (6 vols). The organic layer was evaporated on the 
rotary evaporator to yield the title compound as an oil (93% 
yield corrected for assay). "H NMR 8 (400 MHz) DMSO: 
8.62 (s, 1H), 8.50 (s, 1H), 7.34 (s, 1H), 7.30 (s, 1H), 7.17 (s, 
1H), 4.68-4.64 (m, 1H), 4.54-449 (t, 2H), 4.07-4.03 (t, 2H), 
3.81 (s, 3H), 3.49-3.41 (m, 2H), 3.25 (s, 3H), 2.29-2.22 (m, 
2H), 1.20-1.18 (d. 3H). 
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3-5-(AZetidin-1-ylcarbonyl)pyrazin-2-yl)oxy-5- 

(1S)-2-methoxy-1-methylethoxy-N-(5-meth 
ylpyrazin-2-yl)benzamide 

N 

O r 
N % 
H 

N O 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added 3-5-(azetidin-1-ylcarbo 
nyl)pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxy 
benzoic acid (1.0 eq), and acetonitrile (10 vols) followed by 
pyridine (3 eq) under a nitrogen atmosphere. Thionyl chloride 
(1.2 eq) as a solution in acetonitrile (0.225 vols) was added 
slowly, drop-wise via Syringe pump over at least 2 hours. 
5-Methylpyrazin-2-amine (1.2 eq) was added to the mixture 
as a solid. After 2.5 hours the reaction was quenched by 
adding toluene (10 vols) and 1.0M sodium carbonate solution 
(2.5 eq). The layers were separated. The organic layer was 
retained in the flask, then 1.0M hydrochloric acid (1.94 eq) 
was added. The mixture was agitated for 15 minutes then 
separated. The organic layer was washed with two aliquots of 
water (5 vols) then the solvent was removed on the rotary 
evaporator. Toluene (5 vols) was added to the residue, and 
warmed to 45°C. Isohexane (1.7 Vols) was added, the mixture 
was seeded, and allowed to cool to ambient temperature over 
night. The mixture was cooled to 0°C. for 4 hours, and then 
cooled to -10° C. for 3 hours. The solid was isolated by 
filtration then washed with isohexane (2.5 vols). After drying 
in the vacuum oven at 40°C. overnight, the desired product 
was obtained as a solid (corrected yield 85%). 

2-(AZetidin-1-ylcarbonyl)-5-chloropyrazine 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added 5-chloropyrazine-2-car 
boxylic acid (1.0 eq), tetrabutylammonium chloride (0.011 
eq) and toluene (4 Vols) under a nitrogen atmosphere. The 
mixture was heated to 70-75°C., and thionyl chloride (1.35 
eq) added drop-wise over approximately 1 hours. The thionyl 
chloride was washed into the flask with toluene (1 Vol). The 
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mixture was heated at 70-75° C. for at least 4 hours, then 
cooled to 50+5° C. Toluene (5.3 Vols) was added, and the 
mixture vacuum distilled at 50+5° C. (100 mbar), removing 
approximately 5.3 Vol distillates, and distilling to a final vol 
ume of 5 vols. This process was repeated. The resulting mix 
ture was then cooled to 20-25°C. Toluene (8.93 vols) was 
added, and the batch agitated at 50+5° C. to give an acid 
chloride solution. 

Meanwhile, to a second flask was added azetidine hydro 
chloride (1.05 eq), toluene (6.07 vols), and a solution of 
potassium carbonate (1.24 eq) in water (6.07 vols). The 
resulting mixture was agitated at 20+5° C. for at least 15 
minutes, then the layers were separated. The aqueous layer 
was returned to the flask, and toluene (6.07 vols) was added. 
The mixture was agitated at 20-5°C. for at least 15 minutes, 
then the layers were separated. The aqueous layer was 
returned to the flask, and potassium carbonate (1.24 eq) and 
toluene (6.07 vols) were added. The mixture was agitated for 
at least 30 minutes The acid chloride solution in the first flask 
was added to the mixture in the second flask in portions 
maintaining the reaction temperature at 20+5°C. over a time 
period of at least 20-60 minutes. The reaction mixture was 
agitated for at least 30 minutes at 20+5° C. and then filtered, 
the filter was washed with toluene (0.17 vol) and then the 
layers were separated. The lower aqueous phase was sepa 
rated off and discarded. Water (6.07 vols) was added to the 
second flask and the mixture was agitated at 20+5° C. for 
approximately 15 minutes and then allowed to separate. The 
lower aqueous phase was separated off and discarded. A 5% 
w/w solution of hydrochloric acid (1.5 eq) (prepared from 
32% w/w hydrochloric acid and water was added to the 
organic layer keeping the batch temperature at 20+5°C. The 
mixture was agitated for 15 minutes at this temperature then 
the layers were separated and the lower aqueous layer was 
discarded. 25% w/w Sodium chloride solution (approxi 
mately 6 vols) was added to the organic layer and the mixture 
agitated at 20-25°C. for at least 15 minutes. The layers were 
separated and the aqueous layer was discarded. The organic 
layer was heated to 50+5°C., and vacuum distilled to a final 
volume of 4.5 vols, collecting 15.2 Vols distillate. Active 
charcoal (11% w/w) and heptane (12.8 vols) were added, and 
the mixture agitated at 90-100° C. for at least 1 hour. The 
mixture was filtered to clean dry vessel keeping the reaction 
temperature above 70° C. Heptane (1.16 vols) was used to 
wash the mixture into the filter. The mixture was cooled to 
55-60° C., seeded with 2-(azetidin-1-ylcarbonyl)-5-chloro 
pyrazine and cooled to 15-20° C. over at least 3 hours. The 
crystallised slurry was filtered, and the solid washed with 
140-155 petroleum ether (1.45 vols). The solid was washed 
with 140-155 petroleum ether (1.45 vols). After drying in the 
vacuum oven at 40° C. overnight, the desired product was 
obtained as a solid corrected yield 65-78%). 

Benzyl (5-methylpyrazin-2-yl)carbamate 
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To a flask fitted with overhead stirrer, condenser, thermom 

eter and nitrogen line was added 5-methylpyrazine-2-car 
boxylic acid (1.0 eq), toluene (2.5 vols) and di-isopropylethy 
lamine (1.50 eq) under a nitrogen atmosphere. The mixture 
was vacuum distilled at a batch temperature of 50° C., distill 
ing to a final volume of 2 vols. The batch was sampled to 
ensure the water content was <0.1% w/w, then cooled to 
15+2°C., and diphenylphosphorylazide (1.00 eq) was added 
over a time period of 5-6 hours, maintaining the temperature 
of the reaction mixture at 15+2°C. The mixture was stirred 
for a further 1.5 hours. Meanwhile to a second flask was 
added benzyl alcohol (3.00 eq) and toluene (11 vols). The 
mixture was azeotropically dried to a volume of 10 vols. The 
contents of the second flask were sampled to ensure the water 
content was <0.1% w/w, then heated to 85-90° C. The con 
tents of the first flask were added slowly to the contents of the 
second flask over approximately 2 hours, maintaining the 
reaction temperature at approximately 85°C. The reaction 
mixture was stirred for 1 hour at 85°C., then cooled to 20°C. 
5% w/w Sodium hydroxide solution (1.75 eq) was added 
slowly over 1 hour, the mixture cooled to 5°C., agitated at 5° 
C. for 1 hour, then filtered. The isolated solid was washed 
sequentially with water (2 vols), then methanol (2 vols). After 
drying in the vacuum oven at 40° C. overnight, the desired 
product was obtained as a solid (corrected yield 78-85%). "H 
NMR (400 MHz, CDC1): 9.41 bs (1H), 9.24s (1H), 7.87s 
(1H), 7.39-7.41 m (5H), 5.22 s (2H), 2.31 s (3H) 

5-Methylpyrazine-2-amine 

To a flask fitted with overhead stirrer, condenser, thermom 
eter and nitrogen line was added benzyl(5-methylpyrazin-2- 
yl)carbamate (1.0 eq), palladium on carbon catalyst E196 
(3% w/w palladium on dry basis)), sodium hydroxide (0.01 
eq)—and methanol (5 Vols) under a nitrogen pad. The reac 
tion was de-gassed by pressurising and releasing under nitro 
gen, then charged with hydrogen to atmospheric pressure and 
the reaction agitated at 20-5°C. for at least 3 hours. Activated 
charcoal (Norit SX Ultra) (5% wt charge) was added to the 
flask, the mixture was agitated for at least 30 minutes at 20+5° 
C., then filtered through a 0.45 micron filter. The filter was 
rinsed with methanol (1 Vol) then the mother liquors allowed 
to stir at 15° C. under an atmosphere of 6% oxygen/94% 
nitrogen for up to 24 hours (alternatively an atmosphere of 
1% oxygen/99% nitrogen was used), then re-filtered through 
the 0.45 micron filter. The mother liquors were vacuum dis 
tilled at 45° C. to a final volume of 1.5 vols. Toluene (1.5 vols) 
was added and the mixture vacuum distilled at 45° C. to a final 

volume of 1.5 vols. This process was repeated with further 
toluene (0.5 vols) then the resulting mixture was cooled to 5° 
C. and filtered. The solid was washed with toluene (1 vol). 
The solid was washed with toluene (1 vol). After drying in the 
vacuum oven at 40° C. overnight, the desired product was 
obtained as a solid (corrected yield 65-78%). 
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Preparation of 3-5-(azetidin-1-ylcarbonyl)pyrazin 
2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxy-N- 
(5-methylpyrazin-2-yl)benzamide) (as form 6) 

A 

N 
O 

O a 

Sr. ch N H 

Ho 
Methyl 

N O isobutyl 

\\ 
N 

O 

ketone 
Heptane 

N 
O 

O 2 

Sr. ch N H 

N O 
n 

A 
N 

O 

To a flask fitted with thermometer, condenser, overhead 
stirrer and nitrogen line was added 3-5-(azetidin-1-ylcar 
bonyl)pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-methyl 
ethoxy-N-(5-methylpyrazin-2-yl)benzamide (1.0 eq) and 
methyl isobutyl ketone (6.7 vols) under a nitrogen atmo 
sphere. The batch was heated to 60° C. and filtered into 
another flask. The mixture was cooled to 45° C., and then 
seeded with 3-5-(azetidin-1-ylcarbonyl)pyrazin-2-yl) 
oxy-5-(1S)-2-methoxy-1-methylethoxy-N-(5-meth 
ylpyrazin-2-yl)benzamide) (form 6) (0.075% w/w). The mix 
ture was held at 45° C. for 6 hours, then subjected to a stepped 
cooling profile. The mixture was cooled to 40°C. and held for 
6 hours, then cooled to 35° C. and held for 6 hours, then 
cooled to 30° C. and held for 6 hours, then cooled to 20° C. 
and held for 6 hours, then cooled to 10° C. and held for 3 
hours. To the mixture n-heptane was then added slowly over 
a period of 2 hours maintaining the mixture at 10°C., follow 
ing the addition the mixture was held for a further 1 hour at 
10° C. The mixture was then cooled to 0° C. and held for 6 
hours before being filtered. The solid was washed with (2 
vols) methyl isobutyl ketone/n heptane mixture (9/1 volume 
ratio) pre-chilled to 0°C. The solid was dried at 40°C. until 
the solvent level was <0.5% w/w. After drying in the vacuum 
oven at 40°C. overnight, the title compound was obtained as 
a solid (corrected yield 85%). 

Preparation of 3-5-(azetidin-1-ylcarbonyl)pyrazin 
2-yl)oxy-5-(1S)-2-methoxy-1-methylethoxy-N- 
(5-methylpyrazin-2-yl)benzamide) (as form 6) 

Crude 3-5-(azetidin-1-ylcarbonyl)pyrazin-2-yl)oxy-5- 
(1S)-2-methoxy-1-methyl-ethoxy-N-(5-methylpyrazin-2- 
yl)benzamide) was suspended in 6.7 rel vol. of methyl isobu 
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tyl ketone (MIBK). The mixture was heated to 70° C. to 
dissolve the solid. Once the solid has dissolved the mixture 
was filtered to generate a Pures envelope. The solution was 
then cooled to 45°C., seeded with 3-5-(azetidin-1-ylcarbo 
nyl)pyrazin-2-yl)oxy-5-(1S)-2-methoxy-1-methyl 
ethoxy-N-(5-methylpyrazin-2-yl)benzamide) Form VI and 
held for 4 hours at 45°C. The mixture was then cooled using 
a stepped cooling profile (cooled to 40° C. and held for 4 
hours, cooled to 35° C. and held for 6 hours, cooled to 30° C. 
and held for 6 hours cooled to 20° C. and held for 3 hours, 
cooled to 10° C. and held for 3 hours and cooled to 0°C. and 
held for 3 hours). The mixture was then subjected to a number 
of temperature cycles to break up the crystal agglomerates. 
The mixture was heated from 0°C. to 30° C. at 0.5°C/min, 
and held at 30°C. for 2 hours and then cooled back to 0°C. at 
0.1° C./min and held at for 3 hours. This temperature cycle 
was repeated a further 3 times. After an in-process control to 
confirm the formation of the desired physical form, the mix 
ture was filtered and washed with 50/50 v/v MIBK/n-heptane. 
The solid was dried under vacuum at 60° C. until constant 
weight was attained. Yield=75-82%. Washing may be also 
performed with mixtures of n-heptane and MIBK containing 
a higher or lower relative amount of MIBK. 
Formation of Form 6 from a Slurry of Forms 1 and 4 
An approximately 1:1 mixture of forms 1 and 4 (30 mg 

total) was slurried in 50-300 ul of IPA and held at elevated 
temperatures for a number of days. Substantially complete 
conversion into Form 6 (as identified by XRPD) was obtained 
as follows: 
35° C.: 8 days 
40° C.: 11 days (conversion not complete but sample was not 
kept moist all of the time and was at room temperature for 3 
of the 11 days) 
45° C.: 11 days (not tested before this timepoint) 
50° C.: 11 days (not tested before this timepoint). 
The invention claimed is: 
1. A crystalline form of the compound of formula (I) 

(I) 
N 

O 1. r O 

Sr. ch s H 

N O 
N 

As N 

O 

having an X-ray powder diffraction pattern with peaks at 
d-value (A) 11.8 and 5.7. 

2. The crystalline form of claim 1 having an X-ray powder 
diffraction pattern with peaks at d-value (A) 11.8, 10.5, 6.4. 
5.9 and 5.7. 

3. The crystalline form of claim 1 having an X-ray powder 
diffraction pattern with peaks at d-value (A) 11.8, 10.5, 6.4. 
5.9, 5.7 and 3.75. 

4. The crystalline form of claim 1 having an X-ray powder 
diffraction pattern with peaks at d-value (A) 11.8, 10.5, 8.2, 
6.4, 5.9, 5.7, 5.2, 3.75 and 3.44. 

5. The crystalline form of claim 1 having an X-ray powder 
diffraction pattern as shown in FIG. 1. 
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6. A pharmaceutical composition comprising the crystal 
line form of claim 1, together with a pharmaceutically accept 
able carrier. 

7. A process for the manufacture of a pharmaceutical com 
position of claim 6 which comprises admixing the crystalline 

36 
form of the compound of formula (I), together with the phar 
maceutically acceptable carrier. 


